
UL T 12 m9 9 kg3JNOIU ERING DATA TRANSMITTAL 1. E 7 1
6.7E96

2. To: (Receiving Organization) 3. From: (Originating Organization) 4. Related EDT No.:

Distribution RPP Vadose Zone Project N/A
7. P-brdase Order No.:

5. Proj./Prog./Dept./Div.: 6. Design Authority/Design Agent/Cog. Engr.:
N/A

9. EquipJCompnent No.:
8. Originator Remarks: N/A

For Approval/Release 1. System/dgdFacity:

200K/ax Tank Farm
12. Major AsnmDwg. No.:

11. Receiver Remarks: IA. Design Baseline Document? O Yes ® No N/A
13. Perrnt/Prmit Application No.:

N/A
14. Required Response Date:

N/A

15. DATA TRANSMITTED (F) (G) (H) (1)

S (B) Document/Drawing No. (C)Sheet (D ev. (E) Title or Description of Data Transmitted sig-or TranNo. B Dcmn(Daig o o Lo.Re ften D Re-
Noe.No nator mmm 1 ~

1 HNF-3531 All 0 Analysis of Historical N/A 2 1

Gross Gamma Logging Data

from BX Tank Farm

16. KEY

Approval Designator (F) Reason for Transmittal (G) Disposition (H) & (I)

ES.0,DORN/ 1 pproval 4. Review 1. Appoe 4. Reviewed no/comment
(See WHC-CM-3-5, 2. Release 5. Post-Review 2. Approved w/comment 5. Rtviwed w/comment

Sec. 12.7) 3. Information 6. Dist. (Receipt Acknow. Required) 3. Disapproved w/comment 6. ReceIpt acknowledged

17. SIGNATURE/DISTRIBUTION
(See Approval Designator for required signatures)

a D (J) Name (K) Signature (L) Date (M) MSIN ra. (J) Name (K) Signature (L) Date (M) MSIN

Design Authority

Design Agent t L

1 1 Cog.Eng. D. A. Myers -22

1 1 Cog.Mgr. A. J. Knepp I4.,. 2

QA

Safety

Env. ________________________

18. 19. 20. 21. DOE APPROVAL (If required)

Ct No.

A , 0 Approved

ature ag Autho R ered ative Date Design Authority/ Date 0 Approved w/oomments
0 inator for Re ngrazation Cognizant Manager Q Disapproved wlcomments

BD-7400-172-2 (10/97)
B0-7400-172-1



DISTRIBUTION SHEET

TO From Pae 1
Distribution RPP Vadose Zone Proj e1
Project: Tmteimork og~rderS1/69
HNF-3531, Rev. 0, Analysis of Historical Grass Gama Logging Data EDT No. 627796

from BX Tank Farm __ ___ ___ EON No. H/A _ __

Text AttchJ EDTiECN
Name USIN lWth AN Text only Appendix

Attach. ____ Only Only

J. F. Bertsch B1-42 X

B. H. Ford HO-21 X

J. C. Henderson HO-22 X

A. J. Knepp HO-22 X

D. J. Moak Hi-l X

D. A. Myers HO-22 X

T. L. Steward HO-21 X

R. M. Yasek HO-12 X

Central Mpg~ fl1-Q7X

jAF/PI Rparllnp Rnnm ______

A4000-135 (10197)



HNF-3531, ROV. 0

o

Analysis of Historical Gross Gamma Logging
Data from BX Tank Farm

D. A. Myers
Waste Management Northwest/Three Rivers Scientific

Richland, WA 99352
U.S. Department of Energy Contract DE-ACO6-96RL1 3200

EDT/ECN: 627796
Org Code: 73100

&R Code: E3130010

UC: 2010
Charge Code: 406 4-
Total Pages:

42- 1co
KeyfWids: Vadose Zone, BX Tank Farm, Dry Well Gross Gamma, Gross Gamma

Logs

Abstract: Gross gamma ray logs, recorded from January 1975 through

mid-year 1994 as part of the Single-Shell Tank Farm Dry Well

Surveillance Program, have been reanalyzed for the BX tank farm

locate the presence of mobile radionuclides in the subsurface.

report presents the BX tank farm gross gamma ray data in such a

to assist others in their study of vadose zone mechanisms.
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Borehole 21-00-01

No Gamma-Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 2 to 145 feet.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 145 ft

Survey Depth: 145 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/17/1993
Number Surveys: 1 154

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : < 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name : Three Rivers Scientific
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Borehole 21-00-01
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HNFn3531

2 /
Borehole o- 0-e /

LogDate: /

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Dry Well Survey Analysis - Notes

Total # Surveys /-46
# neutron surveysYI
447-'2/ Last

L s

Probe Type 0 t
# OR Surveys )
Presentation Plot Dates

(If different ftm P' & Last)

Max Survey Depth / M

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

c , '. C- 11

Analyst Name K S/W ver 72T gC54,.z

00 004

-REVO
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Borehole 21-00-02

Contamination (Cs-137 & Ru-106) from 70-80 feet is Stable, late
Contamination (Co-60) from 80-90 feet is Stable

Grade thickness product from 70 to 80 feet increased starting 1975, but consistent with a
least squares fit for Cs-137 (HPGe identified) and Ru-106 (hypothesis) from 1976 to 1994.

The least squares fit results in a gross gamma contribution ratio of Ru-106 to Cs-137 of
17.1 as of Dec 1975. This zone appears stable since 1976.

Grade thickness product from 80 to 90 feet appears stable from 1975 to 1993.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/17/1993
Number Surveys: 141

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 70-80 Stable late, 80-90 Stable
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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Dry Well Survey Analysis - Notes
- Np -2

Log Date: / 2 2 t

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys
# neutron surveys 4

,-/42 I Last

76m_'')

Probe Type n /'

# OR Surveys - /
Presentation Plot Dates

(If different fiv "& Las)
7(97 4 -?"a

7> a e - fl--' Max Survey Depth 100
C& ,C > " ) , 8-90

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date reason Selected um. Samples1 Comment

BackGnd.Txt
SuNy Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes
/,,7 r 7 77 27,o24

Analyst Name it S/W ver 4 2,6

00 010

t/Borehole



filein:= "two.txt"

A = READPRN(filein)

N := last(yr)

'co := 5.27

HNF:3 5 31 -REVO
Well 21-00-02

yr := ACI

N = 107

Ts := 30.17

net:= A >

i:= 0.. N

aco := 00

bkg:= A<>

k:= 0.. 300

max:= A< 4

j := 0.. 299

acs := 50

368.2
365.25

Eu variables are
Ru-106 aeu:= 700

- (yr - 75). 5
Cst := acs-e

grossi := net

500

400

300

tot
-200

1001

0

- (y -a75)XCo := aco-e M*O Eu - (yr-u75).e:aeu-e WU-l
tot, := Csi + Eu

This data edited for spurious points

00 111

-
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+0
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I o CI %.o oo

74 76 78 80 82 84 86 88 90 92 94

yri

ssq(al,a3):- grossi- al-e
75y) -(yr-75)h2

+ a3 -e " II 2

Given

ssq(acs,aeu)-0

Eacs 1
=-Minerr(acs,aeu)

aeu J acs = 46.585 aeu = 799.464

-(yri-75) hZ2)

acs-e

out >=yr

- (yri- 75)- X2
Eu := aeu-e

out" =tot

toti != Cs + Eu

WRITEPRN("twop.txt"):= out

acs =0.058
ateu

EuN -5= 8.048-10
CsN

Two component decay.mod 8/1/98

00 011

1-1

Cs.

Page 1
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Borehole 21-00-05

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 5 to 140 feet.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 140 ft

Survey Depth: 140 ft
First Survey Date: 1/14/1975
Last Survey Date : 6/17/1993
Number Surveys: 100

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

00 r'12
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Borehole 21-00-05
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2/- ;9-Q;--

Log Date: ) t t

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Dry Well Survey Analysis - Notes

Total # Surveys 100
# neutron surveys 3
/,- -/' -Y) Last

Cr -, "7 C,- /

Probe Type 0 4
# GR Surveys 437
Presentation Plot Dates

(If different from Ig &Last)

Max Survey Depth ) 90

' GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean AvgBkg Comment

Analysis Notes
It~c .i f P i 2# c tA

Analyst Name Z61/ S/W ver 4/'&Y2.-

00 015

'-"Borehole
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Borehole 21-00-07

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 5 to 145 feet.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 14: shielded Nal, 02: GM; 04: Neutron
Borehole Depth: 90 ft

Survey Depth: 90 ft
First Survey Date: 1/15/1975
Last Survey Date: 10/5/1993
Number Surveys: 1358

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

n% 016
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Borehole 21-00-07
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Dry Well Survey Analysis - Notes

Borehole _-_//-_T_

Log Date: ) 7/57 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total# Surveys '9,
# neutron surveys C?

?/2-C0 ) Last

N'h' 1-te(g

Probe Type 6V
# GR Surveys 3b2
Presentation Plot Dates

(If different fmm P & Last)

Max Survey Depth

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name S/W ver .

r''19

Hf

7
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Borehole 21-00-09

Contamination (Ru-106) from 45-60 feet is Undetermined

Grade thickness product from 45 to 60 feet was specially processed with no natural
background subtraction, due to fitting inconsistencies. There is only a possible show of
Ru-106 early provided no background subtraction. Activity levels are near threshold.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 03: Neutron
Borehole Depth: 75 ft

Survey Depth: 75 ft
First Survey Date: 1/15/1975
Last Survey Date: 10/5/1993
Number Surveys: 205

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<10

Depth(s) where Contamination Identified 45-60 Undetermined
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

On 020
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Dry Well Survey Analysis - Notes

'"'Borehole 2 /--O - ' 9

Log Date: -/Y7 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey:

Total # Surveys 09'
# neutron surveys 3

2-19 ' Last
g>c.-F' V 3

Probe Type Di
# OR Surveys 99X
Presentation Plot Dates

(Ifdifferent from I" & Last)

Max Survey Depth =1
/

GAPS.Tx-t
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selec d num. Sam les Feg.Clean Avg kg Comment

N/te

~~4 ttVs Notes
ve& ,fy,-ta' :711=74-

Analyst Name
7'C

S/W ver 2A'<K2.

00 023
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filein:= 'two.txt"

A:= READPRN(filein)

N := last(yr)

To := 5.27

Well 21-00-09

yr:= AC

N = 131

tcs := 30.17

net:= A >

i:= 0.. N

aco := 2760

bkg := A<6 >

k = 0.. 300

max:= A4>

j := 0.. 299

acs := 56

368.2
leu :=- 365.25

Eu variables are
Ru-106 aeu:= 1270

Csi := acs-e "" y -- 75)
Co, := aco -e "

- (yr -
Eu1 : aeu-e -

75) In(2)

u- tot, := Cs + Eu + -C

gr'oss = net,

5000

4000

grMsS

C
tot.

Co

Cs1 + Co.

3000

2000

1000

0

ssq(al a3,a2)

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94
yr.

g , yr -
wE gross.-- [al-e

75)t2 - (yr 75 2

wu + a2-e I* I]]
75)-"yr a-eUS + a3-s-

Given

ssq(acs,aeu,aco)s0

acs1

aeu :=Minerr(acs,aeu,aco)

aco

101 2m2

acs = 48.288 aeu = 1.281-10 3 aco =2.769-103

- (mr
Eu. := caeu-e

- 75) JS(%
Co, := aco-e

tot := Csi + Eu + Co,

WRrEPRN("twop.txt") := out
- = 1.244-104

CSN

Two component decay.mcd Page 18/1/98

00 024

-REVO

I II I I I I F

a2 := aco

Csi:= acs-e

out > := yr

1- = 0.038
ceu

outl > := tot



HNF23531

mein :=twor3.txt"

A:= READPRN(filein)

N := last(yr)

Tco:= 5.27

Well 21-00-09

yr:= A ' >

N = 160

tos := 109

Cyi 75) 22
Cs1 := acs-e ws

net:= A<7>

i:- 0.. N

aco:= 00

Co,:= aco-e

bkg:= A >

k 0.. 300

max:= A4 >

j := 0.. 299

acs 443

Eu
-(yrj- 75)- 3

aeu-e we -1

368.2
Teu:= 365.25

Eu variables are
Ru-106 aeu:= 142

tot:= Cs + Eu,

grssi. net

700

600 I

500 I-

400

300

This data edited for spurious points
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ssq(al,a3):- grossi

Given

ssq(as,aeu)w0 1-1

0

Minerr(acs,aeu)
acs =443.157 aeu =142.533

-(yr - 75) =
Eui := aeu-e V"u

out<l> := tot

tot := Csi + Eu.

WRITEPRN("twop.txt):= out
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Borehole 21-00-11

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 2 to 140 feet.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 03: Neutron
Borehole Depth: 140 ft

Survey Depth: 140 ft
First Survey Date: 1/21/1975
Last Survey Date : 10/5/1993
Number Surveys: 189

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 21-00-11
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HNF:3531 -REVO

Dry Well Survey Analysis - Notes

'Borehole. ~- ' /

Log Date: 1 -2/7 iM

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys 2
# neutron surveys 3-

a -r9 Last

ry( XwteX1
(6. -e~ g7t4u ;, kr

Probe Type f ff
# OR Surveys IJZ
Presentation Plot Dates

(if difrent from 1u & Last)

Max Survey Depth

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

*tr~7-

Analyst Name As S/W ver 72Z2F2- 2
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Borehole 21-00-21

Contamination (Co-60, Cs-137 & Ru-106) from 45-80 feet appears
Stable

Grade thickness product from 45 to 80 feet is decreasing consistent with
a least squares fit for Co-60 (HPGe identified), Cs-137 (HPGe identified

and Ru-106 (hypothesis) from 1975 to 1993.
The least squares fit results in gross gamma contribution ratios of

Ru-106:Cs-137:Co-60 of 1281:48.3:2769 as of Jan 1975. Special note, a fit can be
obtained for Ru & Co just as well since this low level of Cs is not a significant factor in

the total gross gamma observed. Likewise the confidence for the stability of Cs is
extremely low.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 145 ft

Survey Depth: 145 ft
First Survey Date : 1/28/1975
Last Survey Date: 6/17/1993
Number Surveys: 134

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 45-80 Stable
in Gross Gamma Surveys :

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

00 031



(

01/28/75
Gamma (c/s)

0 100 200
0

10

20

30

40

50

70
30

80

90

100

110

120

130

140

150

a
0

(Nafrow Line)

Limjn)

1

-50
-40

C: 3

010
C 0

C
.- 0

tL

0 250 500
Gamma (c/s)

00
80
60
40
20
0

C C

Borehole 21-00-21

4-
975 1980 1985

Date (Year)
1990

Depth: 45-80 ft
Cobalt-60, Cs-1 37 & Ru-1 06
Decay Line

Co-60 Decay Line

1995

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

06/17/93
Gamma (c/s)

0 100 200

Analysis by: Tiee Rivers Scienic

41,

I.-

-C

4,
C

0

4

1Ln

12
0-

. ' . . . . . . .

-- e .



C

10*

20

30

40

50

~607

o7O-
80c

a 8
90

100

110

120

130

140

150-
1975 1980 1985

Date (Year)

Borehole 21-00-21
C

I
C

{

2 i
F

19951990

I

I

=
z
'*1

* ti
"'4
U,
t7~
-A

rri
cc
C



HNFn3531 -REVO

Borehole ______' _

Log Date: I r7 t "

Contamination Zone Depth(s):
Isotope from Spectral Survey: .

Dry Well Survey Analysis - Notes

Total # Surveys fk?
# neutron surveys !
fb-,~'-/>9 Last

C-i A0 (-YP-, P f-P0)

Probe Type P9
# GR Surveys77/I
Presentation Plot Dates

(If diffbrct from 1 & Iast)

Max Survey Depth Jy~7

____ ____ ____GAPS.Txt

Survey Date I num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected nm. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

7- A *4-r

Analyst Name S/W ver i23%9= a
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Borehole 21-00-22

Contamination (Ru-106) from 10-26 feet appears Stable
Contamination (Co-60) from 26-40 feet is Undetermined

Grade thickness product from 10 to 26 feet is decreasing consistent with
Ru-106 (hypothesis). The level of Ru-106 is near threshold. The Cs-137 and Co-60

istotopes identified by the HPGe detector are at sufficiently low levels to not register with
the gross gamma log data.

Grade thickness product from 26 to 40 feet is undetermined due to low levels. The Co-
60 concentrations identified with the HPGe are higher in this interval, but statistical

precision is lacking for a rigorous conclusion.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 75 ft

Survey Depth: 75 ft
First Survey Date: 1/28/1975
Last Survey Date: 6/17/1993
Number Surveys: 154

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<32

Depth(s) where Contamination Identified 10-26 Appears Stable, 26-40 Undetermined
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific

00 035



9Eg, iJU

D th (feet)

Average
Background (c/s)

C) " 8 A 9
Grade Thickness Product (feet*c/s)

Frequency
Clean (%).

och8 0 100

D th (feet)

200

S

300

N

400

-5

OAJH- TCg -WJNH

-4
0 a)0

C.,
0

I~0
0

-s
0 0

-40

-5
CD

0i

-5
Co

0

C
CD-.

CD
2)
-I

-5
CD
CD
0

01

00
:::3
CA

8

500

*0-

00

0~

oo

0
0

:300 (

00 7

'3:
* -4-
* -4-

* -4-

* -4-

* - I

* -4-

* -4-

w0
:r

0

F
a
IC

C

I

0
0

8

C>



(

0

10

20

30

0

50-

60-

70 -

80

01/28/75
Gamma (c/s)

0 100 200

0
U

63
0)

I.-

0
0
to

0
0

0

0

0

1975

-050

40
C 30

20
o 10

0
>1 100

c 80
C 60

R - 40
L. 0 20

0

C

Borehole 21-00-22

1980 1985
Date (Year)

1990

0
0

10-

20

30

@0

Depth: 26-40 ft

C Co-60 Decay Line

Cb 0 0

1995 50

60

70 -

80

(

Analysis by: Three Rivers Scientific

06/17/93
Gamma (ds)

100 200

-.. * -.-

rn

03
03
0
S.03

Sc



C
Borehole 21-00-22

1985
Date (Year)

C

0-

10

20

0

40t

50-

60

70

80

K;
ii
)

(

3

:r_;a)

-

aI)
0

>1

I,

(2

(k

1975

I

1980 1990 1995



HNF-3531 -REVO

Dry Well Survey Analysis - Notes

tBorehole 2/- 22- -

LogDate: -s,

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys JA7L
# neutron surveys I

, -/7-P5 Last

/4-2/ if--6 R&
Qan JEe.ta

Probe Type P Z
# OR Surveys /3±s.
Presentation Plot Dates

(Ifdifferent ftom 1" & Last)

Max Survey Depth

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected numn. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg.Clean Avg.Bkg Comment

Analysis NotesI0
Analyst Name S/W ver iZ2,1s27
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HNF:3531 -REVO
Borehole 21-01-01

Contamination (Cs-137) from 0-6 feet is Undetermined
Contamination (Cs-137) from 6-13 feet is Undetermined
Contamination (Cs-137) from 13-23 feet is Stable, late

Contamination (Eu-154, Co-60, & Ru-106) from 23-37 feet is Stable
Contamination (Eu-154, Co-60, & Ru-106) from 37-49 feet is Stable

Contamination (Sb-125) from 49-53 feet is Undetermined*
Contamination (Sb-125 & Co-60) from 53-60 feet is UNSTABLE early

Contamination (Sb-125) from 70-79 feet is Stable
Contamination (Sb- 125 & Ru- 106) from 79-86 feet is Stable

Contamination (Sb-125) from 86-90 feet is Stable
*Believed UNT , but conservative classification

These data for this well over the history is complex. Several items need explanation. Depth shifting is
necessary in order to analyze the historical data, and one or two zones exhibit downward movement
after depth shifting. The other zones display very consistent depth control after the depth shift,
indicating accurate depth shifting. Two low level zones near the surface are labeled undetermined due
to possible surface effects, (i.e. 0-6 and 6-13 feet). Cs is identified by the HPGe for the classification of
stable late for the zone 13-23 feet.

The two zones over 23-37 and 37-49 feet were identified by the HPGe to contain various combinations
of Cs-137, Co-60, Sb-125, & Eu-154; however, Ru-106 is necessary in order to achieve a reasonable
least squares fit to the historical trends. The interval from 23-37 feet shows consistent decay with a
least squares fit for Co-60 (identified by HPGe), Eu-154 (identified by HPGe), and Ru-106
(hypothesis), with relative gross contributions of 32,210:79,250:194,900 ft*c/s for Co:Eu:Ru as of
1/14/75. Note that Sb-125 and Cs-137 were identified by the HPGe in this interval, but does not affect
the least squares fit results. The interval from 37-49 feet shows consistent decay with a least squares fit
for Co-60 (identified by HPGe), Eu-154 (identified by HPGe), and Ru-106 (hypothesis), with relative
gross contributions of 39,140:1,723:97,060 ft*c/s for Co:Eu:Ru as of 1/14/75. Note that very low levels
of Sb-125 were identified by HPGe in this interval, but does not affect the quoted least squares fit. The
interval from 53-60 feet shows consistent decay with a least squares fit for Co-60 (identified by HPGe)
and Sb-125 (hypothesis) from mid 1980 to 1994, with relative gross contributions of 1,014:5,542 ft*c/s
for Co:Sb as of 1/14/75. The interval from 79-86 feet shows consistent decay with a least squares fit for
Sb-125 and Ru-106, (both hypothesized), with relative gross contributions of 898:70 ft*c/s for Sb:Ru as
of 1/14/75.

The zone from 49-53 feet is believed unstable, but conservatively classified as undetermined due to low
levels and possible nearby zone influences. The zone from 53 to 60 feet is unstable early, refer to
expanded stack plot. This interval has only Co-60 identified from the HPGe data, and the historical
trend definitely requires Sb-125 and Co-60 decay; furthermore, the depth shifting is judged to be
precise based upon the results for the two zones centered at 76 and 83 feet (refer to expanded stack
plot). The zone at 70-79 feet follows Sb-125 (hypothesis) decay to low enough levels to not be
detectable with the HPGe system. The low level contaminated zone from 86-90 feet is consistent with
Sb-125 (hypothesis) decay at levels below detection threshold for the HPGe system.

09 041



HNF-3531 -REVO

Gross Gamma Survey Information
Probe Type : 04: Nal

Other Probe Types: 14: Shielded Nal 03:Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/14/1975
Last Survey Date: 4/20/1994
Number Surveys: 238

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-6 & 6-13 Undetermined
in Gross Gamma Surveys: 13-23 Stable late

23-37 & 37-49 Stable
49-53 Undetermined
53-60 UNSTABLE
70-79 & 79-86 & 86-90 Stable

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3531 -REVO

Dry Well Survey Analysis - Notes

~orehole 2/-L&L.
Log Date: /iis'

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys c9

# neutron surveys y
4/ -2O*/' Last

tr., C b. 21 X

Probe Type V/ /&
# GR Surveys 2 Y
Presentation Plot Dates

(ICdiflet em 1" & LAMo
'POl

Max Survey Depth

GAPS.Txt
Survey Date I num. aDS num. Samples I Comment

HI-ZONESTxt
Survey Date Peason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

fCC
.cime C 7f~k ra Ag' (4e Air .L44..w M / -t)n

2 flea, at alt, VActte4fl zkw

Analyst Name S/W ver.l. z .

00 0k57

1/97 It

Q&UM AAW-.O( lpoll 2 .0.-Orf, Affi-r -
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filein:= "two23-37.txt"

HNF:353.1
Well 21-01-01

-REVO
Ten :=30,17 T4 :=8.5

A:= READPRN(filein)

N:= last(yr)

yr:= A

N = 132

net:= A >

i!= 0.. N

bkg:= A< 6 >

k:=0..300

max = A<4>

j:=0..299

Eu variables are
Ru-106 aeu:= 196000

- (yr= - 75)
Csi := acs-e W

grossi != neti

- (yr - 75)
Co, := aco -e Eui := - 75)e-W7 )

aeu-e

This data edited for spurious points 1oti := Coi + Eu

II I I I -_ _ Yrj D= 
8 1.8 0 5

k:= 0..N - 112

Vk : (yrk+112)

crk:= In(grossk+ 1 12)

m:= slope(t,cr)

m =-0.098

I I I ~ I I I I I )

74 76 78 80 82 84 86 88 90 92 94 9(I I I % = 7.097

ssq(a3 , a2, a4) :=grossi

(yr 1- 74)6

- 75)2 [a. -- 75)2 - (yr
+ a .* + a4-e

(yri - 74)6

7 n( 2
4 ) :s := 0

Given

ssq(aeu,aco,a4)-0

ceu

aeo =Minerr(aeu,aco,a4)

aeur

1-1 2-2

aco =3.221-10 4 aeu = 1.949a10 5

-- (yri - 75) -In2
Co= aco-e

totI :=Coi + Eu + Csi + Eur

Eu:= aeu-e (-7 J Cs.
- (yri - 75) X2

:= nes-s

aeur = 7.925-1

Eurg := aeur-

4 -=0.165
aeu

- (yij - 75) K2)
A4

out := yr

r3 for 23-37.mcd

out> := tot WRITEPRN("twop23-37.txt"):= out

8/1/98

00 05 8

uN
-= 1.319-1074

Page 1

tco := 5.27 Tcs := 2.77 aco := 33000

a4 := 80000
368.2
365.25

acs := 000

1106

grlmsi

tot

Eu.

1.10 5

\0

ace := 0

acs =0

1.104

- yr. - i75) WE)+ Csi + a4-

la3-e' 
(yr



filein := "two37-49.txt

HNFn3531
Well 21-01-01

A:= READPRN(filein)

N:= last(yr)

Tco:= 527

yr:= A l>

N = 130

Tcs:= 8.5

net:= A7

i:=0..N

aco:= 30000

bkg := A6

k:=0..300

acs:= 8000

max:= A
4 >

j:=0..299
368.2meu= 365.25

Eu variables are
Ru-106 aeu:= 100000

- y(r - 75) X 2)
Col:= aco-C UO

-(y - 7) -2)
Eu := aeu-e Iu-l tot= Co, + Eui + C

This data edited for spurious points
Cs variable is Eu-154

74 76 78 80 82 84 86 88 90 92 94 96
Yr1

ssq(al,a3,a2)
-- (yr1

gross

75) -'() - (yr - 75) X2)
+[a3-e

gross,

Given

ssq(aco,aeu,acs)uO[ace
aeu :=Minerr(aco,aeu,acs)

acs

-(yr-75) _W)
Co :=aco-e

tot1 Co, + Eui + Cs.

out& = yr out> := tot

S= ri-75)Eui := aeu-e Ta

1-1 2m2

aco =3.914-10 4

- (yCs : acs-e

WRMTEPRN("twop37-49.tt"):= out

aeu =9.706-10 4

-75)-W2)

acs = 1.723-103

= 0.403
aeu

Eu.
S= 5.409-10

CoN

Two comp decay 37-49.mcd Page 17/14/98

00 059

-REVO

- (yr -- 75) 
Csi := acs-*e *

gross := net.

gro's

tot.

EuI

- I I I I ' I I' 1I-

1.5-105

1-10 5

a

- (yr+ - 75)+ a2-e

5.104

0



HNF:3511 REVO

74 76 78 80 82 84 86 88 90 92 94

2s105

bk;

mean(bkg)

tot.
1.105

0
74 76 78 80 82 84 86 88 90 92 94

bkgi
Sn_ := gross - totSn~groS 1 mean(bkg)

2.10

0

Two comp decay 37-49.

1 1

70 80 90 100

mcd ri

8.

grows 0

70 80 90

7/14/98

00 060

YTi

1.5-105

1-10 5

_

gross
-o--
tot.

5-10

96

_

8i := gross, - toti

96

100

Page 2

-

0



filein := "two53-60txt"

HNFm3531
Well 21-01-01

A:= READPRN(filein)

N := last(yr)

yr:= A<

N =24

Tocs := 3217

net:= A7

i:= 0.. N

aco:= 1000
Eu variables are
Sb-125 aeu= 5500

Cs := acs-e

grossi := net5

2500

tot

2000

1500

500

0

Co. := aco-e (vri- 75)'t Eu.
-yrij- 75).

:= aeu-e !O -1 tot. := Co + Eu,

This data edited for spurious points

80 82 84 86 88
yr.

90 92 94 96

75)

ssq(al,a3):[ grossi
-a (r,- 75)2 - (yr

- a e ." + a3-e

Given

ssq(aco,aeu)=O

aco
:= Minerr(aco,aeu)

aeu

S(yr 75) h(2)

aco-e

out> := yr

Eu

out :=tot

Two component decay.mcd

aco = 1.014.10

-ayre-u7)
:= Oe-e-(l wu

aeu = 5.542-103

aco
- = 0.183

to1 := Co1 + Euj

WRITEPRN("twop53-60.txt"):= out

7/15/98

00 061

aeu

EuN
- =0.553

Page 1

REVO

Tco:= 5,27

Max:= A4>bkg:= A

k := 0.. 300

acs:= 0

j :- 0.. 299 Teu:= 2.77

- o

- 0|||

101

Co,

-75).1n(2)



HNFn3531

tot

2500

2000

1500

1000

500

0
80

bkgi

-men(bkg)

tot.

III I

bkgi
Snj:= gross- mean(bkg) tot

200, I

5. 0

-200 '
80 85 90. 95

Two component decay.mcd n

8i

gros 0

R8 85 90 95

7/15/98

00 062

Tih

-REVO

L

82 84 86 88
Yf.

90

2500

92 94 96

2000 -

1500 -

1000 -

500 F-

0
80 82 R4 86

6i 8= grossi - tot

88
yr.

90 92
-9

96

I I

I I

Page 2

94



filein =two79-86.txt"

A:= READPRN(filein)

N:- last(yr)

TcO:= I

HNF:3531
Well 21 -01-01

yr:= A l>

N = 123

tcs:= 32.17

net := A< 7>

i:-0.N

aco:= 200

-REVO

bkg:= A<6>

k:-0..300

Res = 0

max:= A 4

j:-0..299
eu:= 2.77

Eu variables are
Sb-125 aeu:= 900

- (yr - 75) n(2)
Cs, := acs-e WS

- yi-T75) j
Co := aco-e- (Y " Eu =

- (yrj - 75),!2)
arn-e *- to; := Co + Eu

grossi:= net

1500

This data edited for spurious points

1000 F-

gross

tot.

500-

0
74 76

ssq(al,a3):- grossi- al-er

Given

ssq(aco,aeu)s0

aco
:= Minerr(aco,aeu)

aou I aco = 69.557 aeu = 898.178

- (yri - 75)2" -

=aco-e

out*o >= yr

- (yr - 75) W 2
:= aeu-e

out" > := tot

toti := Co+ Eui

WRITEPRN('"twop79-86.txt"):= out

- =0.077
aeu

EuN 3
-=2.066-10

CON

Two comp decay 79-86.mcd

0

0

4

0 4
0

* * 00

I I I--------------0

78 80 82 84 86 88

1-1

7/15/98

00 063
Page 1

y1i

Coi

75), ) - (yri - 7
** +a3-e "



HNF-3531 -REVO

1000

gross
600

400 -

200

0
74

1500

1000 -
bkg,

P an(bkg)

to-.

5001-

0
74

S: grossi - tot

Si

500

0

.- qn

75 80

Two comp decay 79-86.med ri
85

Sri 0

90 75 80 85

7/15/98

00 064

I I I-I-

76 78 80 82
)Ti

84 86 88

I I.

76 78 80 82
Yri

84 86

bkg -on = rosimean(bkg)

88

I -I

90

Page 2i
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HNFr3531 -REVO
Borehole 21-01-02

Contamination (Cs-137) from 5-12 feet is UNSTABLE early
Contamination (Co-60 & Ru-106) from 54-64 feet is UNSTABLE
Contamination (Co-60 & Ru-106) from 64-72 feet is UNSTABLE

Contamination (Co-60) from 72-78 feet is UNSTABLE early

early
early

Grade thickness product over 5 to 12 feet sharply increased at the start of 1977 and again just
before 1978. The character since this time is consistent with the natural decay of the HPGe
identified Cs-137. Grade thickness product from 54 to 64 feet appears unstable from 1975 to
1977. Since 1977 the grade thickness product is decreasing consistent with a least squares fit for
Co-60 (HPGe identified) and Ru-106 (hypothesis) until1994. The least squares fit results in gross
gamma contribution ratio of Ru- 106 to Co-60 of 8.8 as of Jan 1975. Grade thickness product from
64 to 72 feet is unstable from 1975 to 1977. Since 1977 the grade thickness product is decreasing
consistent with a least squares fit for Co-60 (HPGe identified) and Ru-106 (hypothesis) until1994.
The least squares fit results in gross gamma contribution ratio of Ru-106 to Co-60 of 4.3 as of Jan
1975. Grade thickness product from 72 to 78 feet begins an increase in 1980 and rises until 1985.
Since 1985 this interval appears stable for Co-60 as identified by HPGe detector.

Special note: There may be some indication of Ru-106 moving down from the 54-64 feet zone to
the 64-72 feet zone between 1975 and 1977, but more study would be required to make this
conclusion, (refer to grade thickness product plot from 54 to 72 feet). Likewise, pre 1975 data
would assist this study. Additionally, the Co-60 increase in the 72-78 feet interval is most likely
not due to downward movement from the Co-60 in the adjacent interval above, since this interval
above is stable from 1980 to 1985.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 02: Red GM, 14: Shielded NaI, & 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 4/20/1994
Number Surveys: 147

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 5-12, 54-64, 64-72, & 72-78 UNSTABLE early
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

fy) 066q
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HNF:3531 -REVO

Dry Well Survey Analysis - Notes
jiy7

K-'Sorehole 2 - -

Log Date: 9-97f ist
Contamination Zone Depth(s):

Total # Surveys
# neutron surveysT '

39 -20 -70 Last

R C4 (0

Probe Type 0 l
# GR Surve
Presentation

Isotope from Spectral Survey: I., t Ji

ys IL-7
Plot Dates

(If diferent 6mm I'& Last)

Max Survey Depth IJO

GAPS.Txt
Survey Date num. Gaps I num. Samples Comment

HI-ZONES.Txt
Survey Date leason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples ' Feq.Clean Avg.Bkg Comment

Analysis Notes
6'p ,a 2 ?

Analyst Name S/W ver FE6Z' A: 2-

00 074

I

2' A-



filein:= "two54-64.txt"

A:= READPRN(filein)

N :- last(yr)

Teo:= 5.27

HNF-3531 -REVO
Well 21-01-02

yr:= A l

N =46

rcs:= I

net:= A >

i :- 0..N

aco:= 2700

bkg;= A*

k:- 0.. 300

acs := 23000

max:= A 4

j :- 0.. 299
Teu:= 2.77

Eu variables are
Sb-125 aeu:= 0

- (yr - 75)COi := aco-e * Eu.
- (yri - 75) W2)

:=aeu-e - -1 tot; := Coi + Csi + Ei

grossi = nt

oni
tot.

This data edited for spurious points

1.103

100

76 78 8 82 84 86 88 90 92 94 96
yr1

teu :=1

ssq(xI,a3):=

7s)K -(yr -Tw + a3-6 "grossi - [-a, (

Given

ssq(aco,acs)-0 1-1

= , Minerr(aco, acs)
"Cs aco =2.621-10 acs =2.3-10 4

Coj
- (yr - 75) 2)

:= aco-e e*

out& :=yr

- (yrj - 75) "
OWs-eCs. :=

out<l> :=tot

k
k:= 0.. 100 75 +-20

Two component decay54-64.mcd

tot := Coj + Cs1

WRrTEPRN("twop54-64.txt") :=out

-(tk- 75)
+ tcs-e

7/15/98

00 075

- (yr - 7C) r
Csi := acs-e V"

S

aco-= 0.114
acs

BuN
-=N0
CON

Page 1

1.104

- Itk- 7) i(
trk := aco-e



HNF-3531

WRnTEPRN("twop54-64.txt"):= out

78 80 82 84
yri' i'

86 88 90 92 94 96

bkg,

s mean(bkg)

tot.

8000

6000

4000

2000

76 78 80 82 84 86
>r-

88 90 92 94 96

bkg ) _ tot8ni := grossi-mean(bkg) tt

Soo, I

0
Si

-5001

-1000 1 1 1
70 80 90 100

Two component decay54-64.mcd

0

I 1 1
70 80 90 100

7/15/98

00 076

out<o> := t out := tr

-REVO

1-105

1.10
gross-

tot.

rk

I I I I I I I 7

100
74 76

I I I I I I I I

8 := grossi-"tot

I I

Page 2

I-10,

0

-

-



filein:= "two64-72.txt"

HNF:35 3l1
Well 21-01-02

A:= READPRN(filein)

N :- last(yr)

Tco:= 5.27

yr:= A l>

N =60

Tcs 1

net:= AC >

i:- 0.. N

aco:= 2000

bkg:= A*

k :- 0.. 300

acs := 8000

max:= A 4

j :- 0.. 299
Teu:= 2.77

Eu variables are
Sb-125 aeu:= 0

- (yrj - 75) W2)
Cs := acs-e =5 -(yr - 75) K2)

Coi := aCO-e * Eu :=
-(yrj-75)

aeu-e -1 to,,:= Coi + Csi + E

This data edited for spurious points

gross.

tot. I-103

100

76 78 80 82 84 86 88 90 92 94 96
yr1

Tow:= I

ssq(al,a3):= gross a'-e

Given

ssq(aco,acs)mO

75) 2
(yrg 75) '2) - (yr -=" +a3-e

1-1

aroLc : =Minerr(aco,acs)
acsI aco=1.811-103 acs = 7.801-103

- (yr1 - 75) I(
aco-e

out" := yr

Cs

,U0, := tot

- (yj -- 75) 4!)
acs-e tot1 1= Coi + Csi

WRITEPRN("twop64-72.txt") := out

k
k:=0.. 100 75+ -20

Two component decay64-72.mcd

-(tk-75)
trk :=aco-e

7/15/98

tk 75)2 32
+ acse

Page 1

00 077

-REVO

I I I I I

Co

aco
- = 0.232
acs

EuN
0

gross i != list

1.104

100



out > := t

gross.

tot. -1 3

100
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WRITEPRN("twop64-72.xt") := out
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HNF:3531 -REVO

Borehole 21-02-01

Contamination (Cs-137) from 0-5 feet is Tank Farms Activity
Contamination (Cs-137) from 5-10 feet is Stable

Grade thickness product from 0 to 5 feet has the characteristic signature of very rapid
changes indicative of tank farm activities such as transfer lines close to surface and this

borehole.
Grade thickness product from 5 to 10 feet is decreasing consistent with

Cs-137 (HPGe identified) from 1975 to 1994.

Gross Gamma Survey Information
Probe Type : 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 159

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-5 Tank Farm Activities
in Gross Gamma Surveys : 5-10 Stable

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific

00 080
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H NF 3531 EV

Dry Well Survey Analysis - Notes

Z/-O2 -O I

Log Date: Ir/4.,I It

Contamination Zone Depth(s):
Isotope from Spectral Survey: .4

Total # Surveys ) I
# neutron surveys #
/L2/ .'Last I

J 'z (z-P # 9-A

'robe Type O V
OR SuveyVsa

Presentation Plot Dates
(If different from I" & Last)

Max Survey Depth (00

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num, Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

ay - j.. k/

Analyst Name -/ ,4% S/W ver -
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HNF:3 5 3 1 -REVO

Borehole 21-02-03

Contamination (Cs-137) from 36-42 feet is Stable
Contamination (Sb-125 & U238/235) from 70-75 feet is Stable
Contamination (Sb-125 & U238/235) from 80-86 feet is Stable

Contamination (Sb-125 & Co-60 & U238/235) from 86-95 feet is Stable

Grade thickness product from 36 to 42 feet is decreasing consistent with Cs-137 (HPGe

identified) from 1975 to 1994. Grade thickness product from 70 to 75 feet is decreasing

consistent with a least squares fit for Sb-125 (hypothesis) and U-238/235 (HPGe identified)

from 1975 to 1994. The least squares fit results in gross gamma contribution ratio of U-238/235

to Sb-125 of 0.068 as of Jan 1975. Grade thickness product from 80 to 86 feet is decreasing

consistent with a least squares fit for Sb-125 (HPGe identified) and U-238/235 (HPGe

identified) from 1975 to 1994. The least squares fit results in gross gamma contribution ratio of

U-238/235 to Sb-125 of 0.020 as of Jan 1975. Grade thickness product from 86 to 95 feet is

decreasing consistent with a least squares fit for Sb-125 (hypothesis), Co-60 (HPGe identified)

and U-238/235 (HPGe identified) from 1975 to 1994. The least squares fit results in gross

gamma contribution relation of Sb:Co:U of 291:80:41 as of Jan 1975.

Gross Gamma Survey Information
Probe e: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date : 6/13/1994
Number Surveys: 169

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 36-42, 70-75, 80-86, & 86-95 Stable
in Gross Gamma Surveys :

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

00 87
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HNF:3531 -REVO

Borehole R / -92-O

LogDate: )-/41-7F 1Z

Contamination Zone Depth(s): _
Isotope from Spectral Survey: _

Dry Well Survey Analysis - Notes

Total # Surveys / 72.
# neutron surveys 3
//---1-k Last

Probe Type (1
# GR Surveys 1/41
Presentation Plot Dates

(If diffremnt from I & Last)

Max Survey Depth I 06

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date keason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num, Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name S/W ver' )I45 2.
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filein:= "two70-75.txt"

A:= READPRN(filein)

N - last(yr)

ca:= 5.27

HNFn3 5 31 -REVO
Well 21-02-03

yr:= ACI

N = 157

cs := 47-109

net:= A4

i:- 0.. N

aco:= 00

bkg:= A4>

k:- 0.. 300

acs:= 40

max:= AC4 >

j:- 0.. 299
Teu:= 2.77

Eu variables are
Sb-125 aeu:= 550

r - 75) -.0
Cs. := acs-e WS

yrj-75) X2

Co. := aco-e ** Eu.
- (yr -' )

:aeu-e- (Y" -M
tot% := Cs. + Eu

This data edited for spurious points

600

400 I-

200 F-

74 76 7 o 82 -

ssq(aI,a3):=

84 86 88 90 92 94 96
Yr.

grossi - al -e

Given

ssq(acs,aeu)m0

s := Minerr(acs, aeu)
caeu I

1-1

acs = 36.937

- (yr-75)y
aeu-e ""

aeu = 545.202

tot. := Cs + Eu

WRITEPRN("twop7-75.txt) := out

Two comp decay 70-75.mcd 7/16/98

acs
-= 0.069

oteu

EuN
- = 0.114

CSN

Page 1

00 096

gross := ne;
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oII

t
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-75 2) - (yr -75) W

VS +a3,e M" 1

-yri - 75)E h2
:acs-0 ( w Eui =

OutQ := yr Out > := tot
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filein = "two8O-86.txt"

A:= READPRN(filein)

N:- last(yr)

Tco:= 5.27 Tes : 47-10

HNFm3531
Well 21-02-03

yr:= A net i= A7

N=159 i:-0..N

aco = 00

-REVO

bkg:= A<6>

k:-0..300

acs:= 35

max:= AC4 >

j>0..299 Teu :=2.77

- (yrj - 75) 22)
Cs := acse W -(yI- 75) 2)

Coi := aco-e " Eui :=
- (yrj - 75) -2

aeu-e 1 tot := Cs + Eu

grossi := neti

2000

1500

tot.

This data edited for spurious points

1000 -

500 -

0
74 76 78 80 82 84 86 88 90 92 94 96

Yrj

I] 2ssq(al,a3):-m grossi ~[ yrT-75) - (jr- 75) -2)

Given

ssq(acs,aeu)=0

E := Minerr(acs,aeu)
aeu

Cs. := acs.
- (yrj-- 75) -n2

e =9

out > := yr

Two comp decay 80-86.mcd

Eu. :=

out<> := tot

acs = 37.091

( yr- 7 5)aeu-e - "

aeu = 1.825-103

toti := Cs + Eu

WRITEPRN("twop8o-86.txt'):= out

7/16/98

00 098

Eu variables are
Sb-125 aeu := i8o

a

101

' =0.02
aeu

EuN
- =0.379

CSN

Page 1



HNFz353,1 REVO

76 78 80 82 84 86 88 90 92 94

2500

2000 H-

blkg
mean(bkg)
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1000 -

500k

0

8. := gross - tot.

74 7 78 808|4 8 8 9 4 9

I I I I I ' -o 1 e s -

74 76 78 so 82 84 6 88 90 92 94 96

8ni := gross* - kg - toimean(bkg)

200 r 1
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fein := "two86-95.txt"

A := READPRN(filein)

N :- last(yr)

Tc := 5.27

Cs. := acs-e

HNF:3511
Well 21-02-03

yr := ACI

N = 161

cs := 4.7-109

Coy= 75). 2)
Co. := aco-e- (* -

net := A< >

i:- 0.. N

aco := 80

-REVO

bkg := A<6>

k:" 0.. 300

acs := 30

Eu,

max:= A >

j :- 0.. 299
Teu := 2.77

Eu variables are
Sb-125 aeu :=300

- (yr - 75)X2)

:=aeu.e T"u tot := Csi + Eu + C

gross := net

50 r

400

300

200

100

0

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr.

ssq(al ,a3,a2)

Given

ssq(acs,aeu,aco)=0

Sacs]

ceu := Minerr(acs,aeu,aco)

aco j

- (yr - 75)
:acs-e

1-1 2=2

acs =41.212
U-238

aeu = 291.286
Sb-125

- (Yrj - 75). 2)
Eu := aeu-e

tot. :M Csi + Eu. + Coi- 75
Co. := aco-e *

out<O> := yr outl> := tot

Two comp decay 86-95.mcd
WRITEPRN("twop86-95.txt") := out

7/16/98
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- 004
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0 o
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tot.
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aco =80
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CSN

Page 1

: grosi
[ -(yrg--75) 2 ) J s -(yr- 75) ,1( ) + 2 -(yr- 75) 2 2

- [al-e WS* + -e ""+2e =* M



H NF3 3531 REVO
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HNF:3531 -REVO

Borehole 21-02-04

Contamination (Cs-137)
Contamination (Cs-137):

Contamination (Cs-137) f
Contamination (Cs-137) f
Contamination (Cs-137) f
Contamination (Cs-137) f

Contamination (Cs-137) fr
Contamination (Cs-137) fr
Contamination (Cs-137) fr
Contamination (Cs-137) fr

from 0-8 feet is Stable
from 8-15 feet is Stable
rom 29-38 feet is Stable
rom 38-62 feet is Stable
rom 62-74 feet is Stable
tom 74-84 feet is Stable
om 84-110 feet is Stable
3m 125-134 feet is Stable
om 134-144 feet is Stable
om 144-148 feet is Stable

Grade thickness products for each of the intervals listed above exhibit the same historical
character. Early stages of instrumentation development for the red GM resulted in calibration
changes prior to mid 1980, but apparent consistency after this time. All zones exhibit decreases
in grade thickness product consistent with Cs-137 (HPGe identified in zones below detector
saturation) from mid 1980 to 1994. Note the reason for computing grade thickness products for
discreet intervals within a contaminated zone is to analyze for possible downward migration.

Gross Gamma Survey Information
Probe Type : 02: Red GM

Other Probe Types: 04: Nal, 14: Shielded NaI
Borehole Depth: 150 ft

Survey Depth: 150 ft
First Survey Date : 1/15/1975
Last Survey Date: 6/13/1994
Number Surveys : 181

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold O<val<50

Depth(s) where Contamination Identified 0-8, 8-15, 29-38, 38-62, 62-74, 74-84,
in Gross Gamma Surveys: 84-110, 125-134, 134-144, and 144-148

Stable 1980-1994

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3531 -REVO

Dry Well Survey Analysis - Notes

, orehole g /- -0 Y

Log Date: L__-7E_ is'

Contamination Zone Depth(s):
Isotope from Spectral Survey: C;

Total # Surveys 2,
# neutron surveys )7

1 -4 79~ Last

Probe Type D1 /q 1
# GR Surveys ) R)
Presentation Plot Dates

Qtdlirecut hnn I & isO

Max Survey Depth

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date keason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num, Samples FegClean Avg.Bkg Comment

Analysis Notes
C-M _et V41 zu& /V( z-nza ta i

Analyst Name S/w ver $$$/ .- !2'

nnl 11,5

ra-

|

1/ 141 n'/



(
Borehole 21-02-04

Q (~ (JQ Q

(

) I >

20.

40--

50.
607

70

80
90-

100
110 -

120-

130-
140 -
150-
160

1 LLU4'LLKLbL

ran
1985

Date (Year)

HNF-3531 -REVO

> /(A c~
0

1U
ULK LS Tt
~'~~ss~ n -

(

*0
)
7)

L ;Z,
K)

K)

- Dz'

1975

VFr
1980

K

~.. ~1*~-6
1990 1995

I ( I ( I I ( r 1-11 i i - I . r

77
4u

7



HNF:3531 -REVO

Borehole 21-02-06

Contamination (Co-60) from 34-46 feet is UNSTABLE

Grade thickness product over 34 to 46 feet is increasing starting 1975 and rapidly
decreasing at different rates until 1984, from which time the grade thickness product is
consistent with the Co-60 (HPGe identified) decay. A depth shifted and expanded stack

plot is provided as an aid to demonstrating no vertical zone changes, indicating no
vertical contaminant migration. Additionally, a Ru-106 plus Co-60 decay curve is

presented for relative indications of intensity, but no least squares fitting is performed
since instability is still present. However, possibilities of Ru-106 may prove significant

for other investigations and should be pointed to as possible.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 171

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 34-46 UNSTABLE early
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 21_1_V______

Log Date: _/M fZ l'

Contamination Zone Depth(s):
Isotope from Spectral Survey:
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HNF:3531 -REVO

Borehole 21-02-07

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 1 179

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 21-02-07
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HNFm3531 -REVO

Dry Well Survey Analysis - Notes

Borehole A /~2 -27

Log Date: 1-/,-7r Ist

Total # Surveys Lf/
# neutron surveys A

(ruLF -2 Last

7 l ,tx

Probe Type .LL
# OR Surveys |79
Presentation Plot Dates

ar(irt ftbrm 1 ' &..)
Contamination Zone Depth(s):
Isotope from Spectral Survey: _

GAPS.Txt
Survey Date I num. Gaps num. Samples I Comment

HII-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selectedl num. Samples I Feq.Clean Av .Bk I Comment

Analysis Notes

Analyst Name

Max Survey Depth 1

S/W ver 4N4M' 2. t
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HNF--3531 -REVO

Borehole 21-02-11

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 156

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 21-02-11
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Borehole J J/2 /L

LogDate: /JkstP

Contamination Zone Depth(s):
Isotope from Spectral Survey: .

HNFs3531 -REVO

Dry Well Survey Analysis - Notes

Total # Surveys
# neutron surveys..
kr- 09- Last

174

Probe Type //
# GR Surveys /4
Presentation Plot Dates

( difdeent im '& 1Last)

Max Survey Depth 100

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

.1

BackGnd.Txt
Survey Date Reason Selected( num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name L//v S/W ver 7__' 2.-
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HNF:3 5 3.1 -REVO

Borehole 21-03-03

Contamination (Ru-106) from 60-80 feet is Stable late

Grade thickness product over 60 to 80 feet increased starting 1975 and from mid 1976
exhibits the decay rate of Ru-106 (hypothesis) down to background levels near 1980.

Gross Gamma Survey Information
Probe Type : 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 f
First Survey Date: 1/14/1975
Last Survey Date : 6/17/1993
Number Surveys: 324

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : < 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 60-80 Stable late
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF:3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 2/-O3- 03

Log Date: /-/A7r 14

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys :2 9
# neutron surveys It
£--/Z'0 13 Last

/

Probe Type 0t.-
# GR Surveys 3,R4<
Presentation Plot Dates

(I arrent fomn & LatO

Max Survey Depth 116

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackGnd.Txt
Suvey Date Reason Selected num. Samples Feq.Clean Av Bkg Comment

Analysis Notes

JA AU

r -, Zr

Analyst Name S/W ver T 4 ' ' ,r~'.Z
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HNF:3 5 31 -REVO

Borehole 21-03-05

Contamination (Co-60 & Ru-106) from 60-80 feet is Stable

Grade thickness product from 60 to 80 feet is decreasing consistent with
a least squares fit for Co-60 (HPGe identified)
and Ru-106 (hypothesis) from 1975 to 1993.

The least squares fit results in gross gamma contribution ratio of
Ru-106 to Co-60 of 7.7 as of Jan 1975.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 14: Shielded NaI, 01: Green GM,
02: Red GM, & 03: Neutron

Borehole Depth: 100 ft
Survey Depth : 100 ft

First Survey Date : 1/14/1975
Last Survey Date: 6/17/1993
Number Surveys: 332

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 60-80 Stable
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

Borehole /-zlL -±

Log Date: ' t

Contamination Zone Depth(s):
Isotope from Spectral Survey: C5 h6 P),g,4

Dry Well Survey Analysis - Notes

_ Total # Surveys ,'3 Probe Typ
# neutron surveys 4- # GR Surv
k4-)91.. Last Presentati

O, /t,2-Zt)

4 1

eys 732-
on Plot Dates

(If diferent fin I & Last)

Max Survey Depth ( 00

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Z -C7 Analysis Notes

Analyst Name -
140
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filein:= "twotxt"

A:= READPRN(filein)

N:= last(yr)

zco := 5.27

HNF-3531
Well 21-03-05

yr:=

N =317

cs:= 30.17

net:= A7 >

i:=0..N

aco = 650

-REVO

bkg := A >

k:=0..300

acs := 0

max:= A4>

j:=0.. 299
368.2

365.25

Eu variables are
Ru-106 aeu :=2500

Eui :=
(Yri- 75) W2)

aeu-e , -.
tot := Co + Eu

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94

yr.

eu:=1 r

ssq(al,a3) :=>[grossi -

-(yr -75) 2

al -e-
- (Yr1 - 75) X )

+ a3-e VU

Given

ssq(aco,aeu)-0

aco
:= Minerr(aco,aeu)

aeu aco = 386.758 aeu = 2.989-103

Co.
- (yr, - 75). In(2)

= =oCO-e tEut

04t0 >:= yr Out = tot

Two component decay.mcd

y 5) 75)0
Oteu-e u

WRITEPRN("twop.txt") := out

6/26/98

aeu- = 7.728

EuN -4=2.427-10

Page 1
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-(r. -7) )n(2)

Cs, := acs-e "" - 5y =ac)o
Coi := aco-e- (" - I

grossi := net

5000

gross1
0

tot.
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3000

2000

1000

--

- *0

0

]I 2

1=1

'01i := Coi + Eui
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HNF-3531 -REVO

Borehole 21-03-07

Contamination (Cs- 137) from 2-10 feet is Tank Farms Activity

Grade thickness product over 2 to 10 feet increased April 27, 1977, from this time, the
interval is decreasing consistent with a least squares fit for Cs-137 (HPGe identified) and
Ru-106 (hypothesis) from April 27, 1977 to June 17, 1993. However, the rapid change
character is indicative of tank farms activity such as transfer line proximity. The least
square fit results in gross gamma contribution ratio of Cs-137 to Ru-106 of 0.30 as of
July 1, 1977. Even if no Ru-106 is present, it was added for relative comparison that
might be useful for other studies as a possibility. Note readings between 6/29/82 &

11/16/83 are artificially low due to incomplete logging of entire interval.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 14: shielded Nal & 03: Neutron
Borehole Depth: 95 ft

Survey Depth: 95 ft
First Survey Date: 3/3/1976
Last Survey Date: 6/17/1993
Number Surveys: 271

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 2-10 Tank Farms Activity
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531

Dry Well Survey Analysis - Notes

"orehole /-0 ~7

Log Date: I'- lit

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys 2 2 i
# neutron surveys 3
/ a-1L Last

Co P w 'l.

I

Probe Type I
# GR Surveys .127/
Presentation Plot Dates

(If different frn jt & Last)

Max Survey Depth

nf4v 44? GAPS.Txt
Survey Date num. Gaps num. Samples I Comment

HI-ZONES.Txt
Survey Date Reason Selected nm. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

-/
5d t O MC46 Q41 A2

Analyst Name A S/W ver
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HNF-3531

hein := "two.txt-

A := READPRN(filein)

N := last(yr)

tco := 5.27

- (yc - 75)

Csi := acs-e *

grossi = net6

6000

Well 21-03-07

yr :=

N = 189

Tcs := 30.17

net := A 7 >

i:0 0.. N

aco := 00

C- 7 ) 122
Coi := aco-e *

bkg:= A<

k := 0.. 300

max := A 4 >

j := 0.. 299

acs := 2000

Eu
1

-(vj- 75).! )
aeu-e

meu := 8.5

aeu := 2000

toti :=Cs + Eu

This data edited for spurious points
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yr2

ac =2800 aeu: 10000
'eu := I

ssq(al,a3):=f gross - I al-ey

ssq(acs,aeu)=O

75) .- (yr -75)
= +a3-e

- ( 2

1-1

acs
:= Minerr(acs,aeu)

aeu J atcs =2.831-10 aeu =9.418-103

Cs.
-. (yr 75) -b

!=aes-e "

ou":= yr

Two component decay.mcd

Eu :

out' := tot

cteu-e to := Cs + Eu.

WRnTEPRN("twop.txt") := out

6/29/98
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-= 0,301
cteu

EuN-
-= 1.408-10
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Page 1

148

-REVO

2000

1000

S4 % %.0
0%,~ ~ 

0 02 -.0
0~ ~ 0 00

Given



HNF-3531 -REVO
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HNF-3531 -REVO

Borehole 21-03-11

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1976 and 1993 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 14: Shielded NaI & 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 3/2/1976
Last Survey Date: 10/5/1993
Number Surveys : 154

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

-X'

Borehole 2/r-. 1z

Log Date: I2.2 -Z. "

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

Dry Well Survey Analysis - Notes

Total # Surveys % Irl
# neutron surveys -

u 1/.7 1 Last

Probe Type 10t11 'tatk

# OR Surveys
Presentation Plot Dates

(if r difc u l'' iee)

de lt3/ Max Survey Depth JQ.
GAPS.TxtI Survey Date f num. Gaps num. Samples Comment

HT-ZONES.Txt
Survey Date eason Selected num, Samples Comment

BackGnd.Txt
Survey Date Reason Selected num, Samples Feg.Clean Av .Bkg Comment

Analysis Notes

Analyst Name 4: s/W ver RA
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HNF-3531 -REVO

Borehole 21-03-12

Contamination (Cs-137) from 15-35 feet appears Stable

Grade
Cs-137 from

thickness product from 15 to 35 feet is decreasing consistent with
1983 to 1993. However, there is some question of exceeding high count

rate limits for this interval, particularly prior to 1983.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 14: shielded NaI & 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 7/24/1980
Last Survey Date: 6/17/1993
Number Surveys: 80

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 15-35 Stable
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole __ _ -/2--

Log Date: i s,'

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys (0 1
# neutron surveys 3

/2- - Last

VP IV

Probe Type Y /
# GR Surveys SfP
Presentation Plot Dates

or diffamt hm 1* &Last)

Max Survey Depth j 0

GAPS.Txt
Suvey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date heason Selected num, Samples Comment

BackGnd.Txt
Suvey Date Reason Selected num. Samples Feq.Clean Av .Bkg I Comment

Analysis Notes

Analyst Name _ S/W ver T 1 2-
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HNF-3531 -REVO

Borehole 21-04-01

Contamination (Cs-137) from 2-20 feet is Stable

Grade thickness product from 2 to 20 feet is decreasing consistent with
Cs-137 (HPGe identified) decay from 1977 to 1994.

The levels are near threshold.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types : 02: Red GM, 14: Shielded Nal, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 2/24/1977
Last Survey Date: 3/25/1994
Number Surveys: 273

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<32

Depth(s) where Contamination Identified 2-20 Stable
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531

Dry Well Survey Analysis - Notes
'I (

Borehole Z/-P!/z .21

Log Date: 2 9 7 1

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Tota!# Surveys 1? 7
# neutron surveys A

-;?F- Last

Probe Type C-Y P
# GR Surveys 7, 7 3
Presentation

/2 '?i--r

Plot Dates
(If differnt fror 10& Last)

Max Survey Depth I O'

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date heason Selected num. Samples Comment

BackOnd.Txt
Survey Date [Reason Selected num. Samples Feq.Clean Av .Bk I Comment

Analysis Notes

- -.

Analyst Name /r
S/W ver E6LP6A± .. z-
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Borehole 21-04-03

Contamination (Cs-137 & Eu-154) from 0-12 feet is Tank Farm
Activity early, stable late

Grade thickness product over 0 to 12 feet exhibits changing behavior from Jan 14, 1975
until Jun 1, 1982. Also from Jun 1, 1982 until Feb 8, 1984 readings are artificially low

due to incomplete logging of entire depth interval, From Feb 8, 1984 until Mar 25, 1994
the interval is decreasing consistent with a least squares fit for Cs-137 (identified from

HPGe detector) and Eu-154 (identified from HPGe detector). Note the Co-60 identified
from HPGe data is too low to observe with gross gamma response. The least square fit

results in gross gamma contribution ratio of Cs-137 to Eu-154 of 6.0 as of Mar 25, 1994.

Gross Gamma Survey Information
Probe Type: 04: Na!

Other Probe Types: 14: Shielded Nal, 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/14/1975
Last Survey Date: 3/25/1994
Number Surveys: 1389

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 0-12 Tank Farm Activity early, Stable late
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

'%orehole /

Log Date: )-/9f it
Contamination Zone Depth(s):
Isotope from Spectral Survey: fla

Total # Surveys F i'
# neutron surveys 3
2- Lf// Last

2iz, C0 ttdt.

Probe Type 0iZ
# GR Surveys 21
Presentation Plot Dates

(I differwnt foraM I d& Last)

Max Survey Depth 1919

GAPS.Txt
Survey Date num. Gaps num. SamplesI Comment

HI-ZONES.Txt
Survey Date reason Selected mum. Sam les Comment

4? to'r V

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

Analyst Name ASoj 0 S/W ver -. 2-
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HNF- 3531
filein:= two.txt"

A:= READPRN(filein)

N := last(yr)

Well 21-04-03

yr:= A' >

N =82

net := A 7 >

i: 0..N

bkg := A<6 >

k:=0..300

aco:= 00

- (, - 75) h2
aco-e

acs := 3000

Eu

ae := 1500

- (y'j - 75) n2
:=aeu-e U1

toti := Cs + Eu,

gross:= net0
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g* i0
101.
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This data edited for spurious points

84 85 86 87 88 89 90 91 92 93 94 95
yr1

ssq(al,a3):. grossi - [al-e-

Given

ssq(acs,aeu)nO

acs

aeu :Minerr(acs,aeu) acs = 3.029-10 3 aeu = 1.568-103

- (yrj - 75) W2)

acs-e

out> := yr

Eu

out" := tct

(yr; - 75)
:= eu-e " tot. := Csi + Eui

WRITEPRN("twop.txt) := out

acs
- = 1.933
aeu

- = 0.168
CSN

CsN
- =5.961

BUN

Two component decay.mcd

-REVO

tco:= 5.27

Csi := acs-e

max:= A>

cs := 30.17

Cot

j:=0..299
eu:= 8.5

-

-

1=1

Cs.

6/30/98
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84 85 86 87 88 89 90 91 92 93 94 95
yr.

5000

bkg.

&O~moa(bkg)

tot.i

4000

3000

2000

1000

81 :=grossi - tot

500

6i 0

-500

84 85 86 87 88 89 90 91 92 93 94 95
yri

bkg.
8n, = grss - totmean(bkg)-

8 i

gros .

80 85 90 95

yr
Two component decay.mcd

0

80 85 90 95

yr.
6/30/98 Page 2

167

3500

3000

goss

tot

2500

2000

I I I I I I I I I I

I I I I I I I

II I I I I I I II

- I

I I

- - - - -- - - - T

-



HNF-3531 -REVO

Borehole 21-04-04

Contamination (Cs-137) from 2-25 feet is Stable

Grade thickness product from 2 to 25 feet is decreasing
Cs-137 (HPGe identified) decay from 1977 to

consistent with
1994.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 14: Shielded NaI, 02: Red GM, 03: Neutron
Borehole Depth: 96 ft

Survey Depth: 96 ft
First Survey Date : 5/4/1977
Last Survey Date: 3/25/1994
Number Surveys: 338

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<32

Depth(s) where Contamination Identified 2-25 Stable
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 2/-ry- 99
Log Date: 7P--? 1"

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys IZL
# neutron surveys
2 L/-ff Last

Probe Type Ptj1 0 A
# OR Surveys 33
Presentation Plot Dates

(If difftrent fuim I'& La)

Max Survey Depth

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samles Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Av .Bk I Comment

Analysis Notes

.4 .

Analyst Name A;a S/W ver T-'i1osY 2 .Z-
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Borehole 21-04-06

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity
Contamination (Cs-137) from 8-20 feet is UNSTABLE, Stable late

Grade thickness product over 0 to 10 feet demonstrates radical changes indicative of tank
farm activities. The higher readings from mid 1984 to last readings may be affected by

high count rate limitations, but are still significantly higher than from 1975 to 1982. The
grade thickness product over 8 to 20 feet also shows some changes that may be caused by

the upper interval. However, since 1985 this interval shows a decrease consistent with
the natural decay of Cs-137.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 14: shielded NaI, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/14/1975
Last Survey Date: 3/29/1994
Number Surveys: 392

Analysis Notes
Survey Dates Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<bkg<50

Depth(s) where Contamination Identified 0-10 Tank Farm Activity, 8-20
in Gross Gamma Surveys: UNSTABLE Early

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis

Borehole __

Log Date: 7 it

Contamination Zone Depth(s):
Isotope from Spectral Survey: .

Total # Surveys 39
# neutron surveys /

3-Z%-74 lLast

-/a- d- #-~zt
( . - o , -" t: .- _ .

- Notes

Probe Type j 7
# GR Surveys ?
Presentation Plot Dates I -

(If different fmm I' & Last)

tk 99r Max Survey Depth I w

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples FeqClean Avg. Bkg Comment

Analysis Notes

Analyst Name S/W ver72E43IZ .Z.
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Borehole 21-04-08

Contamination (Cs-137) from 0-14 feet is Stable
Contamination (Co-60) from 59-65 feet is Stable

Contamination (Co-60) from 80-100 feet is Stable

Grade thickness product from 0 to 14 feet is decreasing consistent with
Cs-137 (HPGe identified), even though the logging system was not designed to operate

near the surface or bottom of the well. Also, during 1983, the top 2 feet of the well was
not logged. Grade thickness product from 59 to 65 feet is decreasing consistent with

Co-60 (HPGe identified), and at very low levels. Grade thickness product from 80 to 100
feet is decreasing consistent with Co-60 (HPGe identified).

Gross Gamma Survey Information
Probe Type : 04: NaI

Other Probe Types: 02: Red GM, 14: Shielded NaI, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 5/4/1977
Last Survey Date : 3/25/1994
Number Surveys: 346

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold 0<val<50

Depth(s) where Contamination Identified 0-14, 59-65, & 80-100 Stable
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole

Log Date: 7 7

Contamination Zone Depth(s):
Isotope from Spectral Survey:

Total # Surveys Fl
# neutron surveys 13
21.L / Last

Z.4 15 9<'
( 4 r

GAPS.Txt

Probe Type P
# GR Surveys 7V
Presentation Plot Dates

(lf difrern ftn -'& Last)

Max Survey Depth /t'(

Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date keason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg Bkg Comment

I J

Analysis Notes

Analyst Name S/W ver T ' -2.2.
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HNF-3531

Borehole 21-04-11

Contamination (Cs-137) from 2-17 feet is Stable late
Contamination (Co-60) from 60-95 feet is Stable

Grade thickness product from 2 to 17 feet is decreasing consistent with
Cs-137 (HPGe identified). Due to system limitations near the surface and very low

contamination levels, the grade thickness product was computed for the larger interval.
Prior to 1984, the historical trend is undetermined, but stable from 1984 to 1994.

Grade thickness product from 60 to 95 feet is decreasing consistent with
Co-60 (HPGe identified). Again, the low levels of Co-60 required the wider intervals,

thus, no statement of downward movement is possible.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types : 02: Red GM, 14: Shielded Nal, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 5/4/1977
Last Survey Date: 3/25/1994
Number Surveys: 275

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 2-17 Stable late, 60-95 Stable
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531 -REVO

Borehole A
Log Date:

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Dry Well Survey Analysis - Notes

Total # Surveys ..Xfl
# neutron surveys A

5-9'r ?Last

I
Probe Type - -0;. /7
# GR Surveys =926
Presentation Plot Dates

(TfditfFcmr n I m I & tA')

Max Survey Depth _

GAPSTxt
Survey Date num. Gaps num. Samples Comment

H-ZONES.Txt
Survey Date eason Selected num, Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Av .BkR Comment

Analysis Notes

Analyst Name S/W ver a-
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HNF-3531 -REVO

Borehole 21-05-02

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 362

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: < 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531

Borehole 21-05-02

Oldest Survey
1/14/1975

0

10

20

30

40

550

60

70

80

90

100

No Gamma-Ray Emitting Contamination
Above Survey Detection Threshold

Gamma (cis)
0 100 200

10 4

1975

100

80

5 60

5 40

!20

0

If

Tvr 11

0

1980 1985
Date (Year)

Analysis by: Tiee Rivers Scientific

189

50

45.

40

35

0030
2
'25

20

15

1990 1995

o o ~ a 0 0 0
0 9eosoocooocoooooooooo e

00
0

0

*

*a

- RFv n

Ii 
I. : :,, %t: Jo



C
Borehole 21-05-02

In

207

30-

40-

50

0

70-

80-

90-

100.

110
1975

( C

1980 1985
Date (Year)

1990 1995

1 I I I II I

nr
-It
C)



HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole L cPX U

Log Date: _ _

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys 36?
# neutron surveys .

dZ -. f Last

GAPS.Txt

Probe Type v ) /2
# GR Surveys 3/ t
Presentation Plot Dates

(If diffcwnt from I I& Last)

Max Survey Depth 1/7

Survey Date num. Gaps num. Samplesj Comment

HI-ZONES.Txt
I Survey Date Reason Selected num. Sample$ Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Fe .Clean Avg.Bk I Comment

Analysis Notes

Analyst Name S/W ver 2i2 -;i
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HNF-3531 -REVO

Borehole 21-05-03

Contamination (Cs-137) from 2-20 feet is Undetermined

Grade thickness product from 2 to 20 feet is near threshold and the stability cannot be
determined.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 348

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R Randall
Company Name : Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

'-orehole

Log Date: J /7F 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

Total # Surveys 3 S
# neutron surveys 7
12- -& Last

GAPS.Txt

Probe Type 6
# GR SurveyTs -Ik
Presentation Plot Dates

(If different fron I' & Last)

Max Survey Depth ( Qj

Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq Clean Avg. Bkg Comment

Analysis Notes

of.-

Analyst Name eAM' S/W ver TF 2-' 2-
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HNF-3531

Borehole 21-05-05

Contamination (Co-60) from 60-80 feet is Undetermined

Grade thickness product from 60 to 80 feet appears to decrease slower than Co-60 (HPGe
identified), but the levels are at threshold and over the history drop below threshold for

the gross gamma instrumentation.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 375

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 60-80 Undetermined
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531

Dry Well Survey Analysis - Notes

Borehole -_____

Log Date: Ii

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys 7f 9
# neutron surveys
itrt19i Last

2/4
4 i 7/ rn

Probe Type 0/'-/
# GR Surveys
Presentation Plot Dates

(if diffewnt frm 1' & Last)

Max Survey Depth t00

GAPS.Txt
Survey Date num. Gaps I num. SamplesI Comment

HI-ZONES.Txt
Survey Date Reason Selected nm Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkm Comment

Analysis Notes

Analyst Name S/W ver :LFrX£4 . -L
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HNF-3531 -REV0

Borehole 21-05-06

Contamination (Cs-137) from 2-15 feet is Stable late
Contamination (Co-60) from 60-95 feet is Undetermined

Grade thickness product from 2 to 15 feet is decreasing consistent with Cs-137 (HPGe
identified), from 1984 to 1994. However, due to system limitations near the surface, no

conclusion can be stated for the history before 1984. Grade thickness product from 60 to
80 feet appears to decrease slower than Co-60 (HPGe identified), but the levels are at

threshold and over the history drop below threshold for the gross gamma instrumentation.
Note that the larger interval was used for the two intervals (one at 70 and other at 87 feet)
in order to assist the low threshold, thus no statement can be made concerning downward

movement.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 02: Red GM, 14: Shielded NaL, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/14/1975
Last Survey Date: 16/13/1994
Number Surveys: J 370

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold O<val<50

Depth(s) where Contamination Identified 2-15 Stable late
in Gross Gamma Surveys: 60-80 Undetermined

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific

200



IoZ
Depth (feet)

8 6 8 o o 8 8 $0

Average
Background (c/s)

11 o Y 8
4o

Ci1

co
CD
C

Grade Thickness Product (feet*c/s)

0 200 400 600 800

Depth (feet)
8 8 o a 0 $

OA3U- !C4 Y-J3NH

0
--1

Frequency
Clean (%).

0G)

0o

8

W:
L

-5-
-5-
-4-

-5-
-0-
-0-

-5-
-0-
-4-
-5-
-4-
-0-
-5-
-0-
-0-
-0-
-5-

-4-
-4-

t

000

0

C

05

00

00

0

0

0

* 0

00?

+ C,too

00

" 0
*

o

00

00
0

0
0

* 00

0

0 
*0

0,

01 1

0
- 0

8. -

- -

I



Depth (feet)
0 8 8 a 6 o o

Frequency Average
Clean (%) Background (c/s)

0 8 8 088 o 88

.1 1±

-4-

-4-
-4-
-4-

-4-
-4-
-4-
-4-

-4-
-4-
-4-

BE
-4-
-4-
-4-
-4-
-4-
-4-
-4-

-4-
-4-
-4-
-4-

-4-
-4-

-4-

%7

Grade Thickness Product (feet*cls)

to

-4
(n,

D
CA

0 200 400 600 800

Depth (feet)
A N) $

OA38- IC QJNH

0
-1 0

C>

-A

Cn
8

1000

w
0

0

6

CI'
I

0

000

0* *

00 0

00000

o

00
0(

o c+n0

0 
*0

0
0

00

0
00

* 0
0

0

0
00

*00
0

0

*o

ow

0

I 0

8C)

8)
C,,



Borehole 21-05-06
0- K

10-

20

30

40.

.50

-607

70-

80

90

100-

110 , -

1975 1980 1985 1990 1995
Date (Year)



HNF-3531

S'torehole

Dry Well Survey Analysis - Notes
tx-O'

LogDate: s/ < it

Total # Surveys - ?
# neutron surveys E
jfu3-99 Last

( I
Probe Type O / -
# OR Surveys '9,?
Presentation Plot Dates

(If different fim I'& Last)

Contamination Zone Depth(s): 7a I K-
Isotope from Spectral Survey: 'C Max Survey Depth / 00

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackOnd.Txt
Survey Date Reason Selected num. Samples FeqClean Avg.Bkg Comment

Analysis Notes

Analyst Name S/W ver

W04

7~z
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Borehole 21-05-10

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 98 feet.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types : 03: Neutron
Borehole Depth: 98 ft

Survey Depth: 98 ft
First Survey Date : 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 372

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 21-05-10

Oldest Survey
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Dry Well Survey Analysis - Notes

Borehole 2

Log Date: -A/z-Zt LI

Contamination Zone Depth(s):
Isotope from Spectral Survey: (a

Total # Surveys ?7./
# neutron surveys -

Last

fg its'
Ie.,, A- iaet,,

Probe Type
# OR Surveys J2
Presentation Plot Dates

qfrFrM n n 15Lst)

Max Survey Depth 4E
GAPS.Txt

Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackOnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avm.Bkk I Comment

Analysis Notes

S/W ver 2 A L -
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Borehole 21-05-12

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 98 feet.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types : 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/15/1975
Last Survey Date: 6/13/1994
Number Surveys : 381

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 21-05-12

Oldest Survey
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Dry Well Survey Analysis - Notes

rehole 2 /;2,) 2

Log Date: Jz-Z/.2t1'

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys 3kt
# neutron surveys ,-

,-G 13 -9 e Last

C4 .,4 - /

Probe Type )
# OR Surveys f~L
Presentation Plot Dates

(IfdWferc ntm 1'&LasO

Max Survey Depth JI

GAPS.Txt
Survey Date Inum. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Peg.Clean Ave Bkg Comment

Analysis Notes

Analyst Name e- S/W ver 21' -
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Borehole 21-06-01

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 R
First Survey Date : 1/15/1975
Last Survey Date: 10/5/1993
Number Surveys : 331

Analys s Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 21-06-01

Oldest Survey
1/15/1975
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Borehole 2 / -81 /

Log Date: .- /f-ZK i4'

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Dry Well Survey Analysis - Notes

Total # Surveys 33
# neutron surveys /

04- V_ Last

Cit h

/
Probe Type 1 4/ O2-
# GR Surveys 3./
Presentation Plot Dates

(if dFremw sun -& Last)

Max Survey Depth J

GAPS.Txt
Survey Date num. Gaps 'fnum. Samples' Comment

HI-ZONES.Txt
Survey Date Reason Selected num, Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Av. Bk I Comment

Analysis Notes

Analyst Name ZWw S/W ver 2zf&ft
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Borehole 21-06-02

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: NaIl

Other Probe Types: 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/13/1975
Last Survey Date: 10/5/1993
Number Surveys: 334

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 21-06-02

Oldest Survey
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Dry Well Survey Analysis - Notes

1orehole 92 h/-c 2.A
Log Date: .Lfj-/. is,

Total # Surveys 3 "//
# neutron surveys /d

liP --- ' Last

Probe TypeJ5L l/- &c-

# OR Surveys .A4/
Presentation Plot Dates

(adiffcrnnt ba 1 & Lau)

Contamination Zone Depth(s):
Isotope from Spectral Survey: Max Survey Depth I A9

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

BackGnd. Txt
Survey Date Reason Selected num. Samples Fe .Clean Avg.Bkg Comment

Analysis Notes

Analyst Name S/W ver Y'CG&/jZ2-
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Borehole 21-06-05

Contamination (Cs-137) from 32-44 feet is Stable
Contamination (U-238/235 & Sb-125) from 44-60 feet is Stable

Grade thickness product from 32 to 44 feet is decreasing consistent with
Cs-137 (HPGe identified) from 1975 to 1993. Note that Sb-125 is HPGe identified, but

at low levels for this interval.
Grade thickness product from 44 to 60 feet is decreasing consistent with

a least squares fit for U-238/235 (HPGe identified) and Sb-125 (hypothesis) from 1975 to
1993. The least squares fit results in gross gamma contribution ratio of

U-238/235 to Sb-125 of 0.07 as of Jan 1975. Special note, the HPGe did identify Sb-125
at shallower depths than 44-60, but the Sb-125 in 44-60 feet decayed to level below

detection. Likewise, the levels in the 32-44 feet were completely masked by the strong
Cs-137 signal.

Gross Gamma Survey Information
Probe Type: 04: Nal

Other Probe Types: 14: Shielded NaI, 02: Red GM, 03: Neutron
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/15/1975
Last Survey Date: 10/20/1995
Number Surveys: 344

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified 32-44 & 44-60 Stable
in Gross Gamma Surveys:

Analyst Name : R.R. Randall
Company Name: Three Rivers Scientific
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HNF-3531

Dry Well Survey Analysis - Notes

'torehole /- -

Log Date: )-/.' 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey:

Total # Surveys 5 9
# neutron surv ys '7>

? 0 -p -, Last

7/ A /'l

Probe Type o4 ) /
# GR Surveys '3-A
Presentation Plot Dates

(If differemnt fM ' & Last)

Max Survey Depth /.e

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date Peason Selected num. Samples Comment

BackGnd. Txt
Survey Date Reason Selected num. Samples Fe .Clean Avg.Bkg Comment

Analysis Notes

Analyst Name A S/W ver C -
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hein:= "two.txt"

A := READPRN(filein)

N :- last(yr)

co:= 5.27

Cs := acs-e

grossi := net

2000 r-

Well 21-06-05

yr := ACI

N = 331

Tes:= 3-10

-75 W
)" W

net := A<

i:- 0.. N

aco:= 00

-o (yr - 75) X 2)
Co. := aco-e- (Y"

bkg := A

k:. 0.. 300

acs!= 90

Eu.

max:= A4>

j :- 0.. 299

- yr- 75) J:asi-e -1

Teu:= 2.77

Eu variables are
Ru-108 aeu:= 1150

tot : Cs. + Eu

Cs variables are U238
This data edited for spurious points

1500 t-

1000 [-

500 [-

0

ssq(al,a3):-

o *o
0 * o

74 76 78 80 82 84 86 88 90 92 94 96
yr.

y ja r-75) W2 -,j(y-75)h 2

grossi - al-e + +a3 -0

ssq(acs,aeu)=0 1'1

I Minerr(acs,aeu)
aeu acs = 83.878

U-238
3aeu = 1.19-10

Sb-125

Cs
- (yr - 75) n

:=acs-e "

outo >:=yr

Two component decay. mcd

Eu

out" :=tot

- (Yri - 75)aeu-e tot := Csi + Eu

WRTEPRN("twop.txt"):= out

7/20/98
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2000
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P'"imem(bkg)

tot.
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0

8=gross -tot-

-

-

74 76 78 80 82 84 86 88 90 92 94 96
Yri

bkgi
sni := grossi-me(bkg)
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Borehole 21-06-10

No Gamma Ray Emitting Contamination was identified.

No significant levels of gamma ray contamination are present above the survey probe
detection threshold between 1975 and 1993 in the vadose zone from 10 to 100 feet.

There are some activities from 0 to 10 feet, but most likely surface phenomena, thus the
classification of clean.

Gross Gamma Survey Information
Probe Type: 04: NaI

Other Probe Types: 03: Neutron
Borehole Depth: 103 ft

Survey Depth : 103 ft
First Survey Date: 1/17/1975
Last Survey Date: 10/20/1995
Number Surveys: 341

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold 0<val<50

Depth(s) where Contamination Identified NONE
in Gross Gamma Surveys:

Analyst Name: R.R. Randall
Company Name: Three Rivers Scientific
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Borehole 21-06-10
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HNF-3531

Borehole '

Log Date:

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

Dry Well Survey Analysis - Notes

Total # Surveys 39/~
# neutron surveys JzQ

1//-77-7P ast

D 4,117/a f44y

Probe Type 0'1
# GR Surveys '7/'
Presentation Plot Dates

(U differnt &om I& LaO

Max Survey Depth /03

GAPS.Txt
Survey Date fnum. Gaps num. Samples Comment

HI-ZONES.Txt
Survey Date ason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

Analysis Notes

A/W ver -a__ _ _r 2
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Borehole 21-07-03

Contamination (Co-60) from 62-68 feet and 82-100 feet is Stable

Grade Thickness Product for two radioactive zones (62-68 and 82-100 feet) is decreasing
within the gross gamma sensitivity at a rate consistent with the decay of

Cobalt-60 (identified from HPGe detector).

Gross Gamma Survey Information
Probe TM: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth : 100 ft

Survey Depth : 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 5/16/1994
Number Surveys: 495

Analysi Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 45 to 60 feet

Depth(s) where Contamination Identified in 62-68 feet is Stable
Gross Gamma Surveys: 82-100 feet is Stable

Analyst Name: ILK. Price
Analysis By: Three Rivers Scientific
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Dry Well Survey Analysis - Notes

Borehole O (2/- 70-i

Log Date: / 1st

Total # Surveys _

# neutron surveys 3
9 y Last

Contamination Zone Depth(s):
Isotope from Spectral Survey: C,5-/_7 ( 0 7t zo cr - /S

Probe Type 0
# GR Surveys
Presentation P rot Dates

(If different from 1" & Last)

4/sd/g/ Max Survey Depth /00

GAPS.Txt
Survey Date num. Gaps Japprox #Sampl's Comment
75-o z7- ?=j 5T
76-07-7 / -75'
77-0-0) 8.3 '7 J9
r-2--0) T V_ 00

90-Of-30 L9f /go
HI-ZONES.Txt

Survey Date Reason Selected approx #Samp's Comment

75-o3-2c HI-S/<cc- /9

~ -Os--± reO, 140,4 20

?WI-)Z,- Ve3 8tafJ
7Z-6z--/3 -n-sx-- d 7oc

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

75--3-2 A c -s-c )K 57e o .3S. 9-

I2 -2 -2 4. / 70 IP& 7,T

z 7-64 1 Az- I/c Z~t 1i -7,

9qr2 bZ-,/ 1AV6O- 9t_______k___

Analysis Notes

L/f2QJLf' -f'V -A 2O-Zr r

Analyst Name S/W ver T,&eo5 V2* Z,)
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Borehole 21-07-06

Contamination (Cs-137) from 20-34, 34-53, and 53-99 feet
is Stable

Grade Thickness Product in the two lower radioactive zones (20-34 and 53-99 feet) is
decreasing at rate consistent with the decay of Cesium-137 from July 1980 through

May 1994 for the intermediate sensitivity probe (01 Green GM).

For the high radioactive zone (34-53 feet) the Green GM probe (01) was unable to
confirm the stability, whereas the Red GM probe (02) was run during the same time

interval and confirmed that the radioactive zone is decreasing at a rate consistent
with the decay of Cesium-137.

Gross Gamma Siurey Information
Probe Type: 01: Green GM (Intermediate Sensitivity)

02: Red GM (Lowest Sensitivity)
14: Shielded Na! (Saturated)

Other Probe Types: 04: Sodium Iodide Scintillator (Saturated)
03: Neutron (4 surveys)

BoreholeDepth: 100 ft
SurveyDepth: 100ft

First Survey Date: 7/24/1980 (Type 01)
5/05/1980 (Type 02)
1/11/1980 (Type 14)

Last Survey Date: 5/26/1994 (Type 01)
5/26/1994 (Type 02)
9/02/1980 (Type 14)

Number Surveys: 274 (Type 01)
283 (Type 02)
32 (Type 14)

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 10)

Depth(s) where Contamination Identified in 20-34 feet is Stable
Gross Gamma Surveys: 34-53 feet is Stable

53-99 feet is Stable
Analyst Name: R.K. Price

Analysis By : Three Rivers Scientific
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HNF:3531 -REVO

Dry Well Survey Analysis - Notes

Borehole X3( 23-07-b) Total # Surveys 593 Probe Typ
# neutron surveys 2L # GR Surv

Log Date: 0--7-z-' 1st /-or- 2-/ Last Presentati

Contamination Zone Depth(s):
Isotope from Spectral Survey: C-,3 7 ( FL( /4M" /-reJ

07- (2s3) Ua-cqzsc>9 ,
e 0/ 6 e e9+9
'ey 2 /(3z)4eys '27- -- "

on Plot Dates '5*r6_4_ _ -rQ7

(If different from 1t & Last)

Max Survey Depth /0 L

7.-
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1o
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T'- z 7-A 7rxF-sIf /00 77- OV-org ,-,
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__/__7 L- AO./ 93.- -rac ~.eL

QL__ _BackGnd.Txt

Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment
Y2-OY AG-/q AVGe... 1 6 / 7% fq
95-D7-/ z. g, -c % q., /o -c 3% 2F- 3
13-or /hoc- 6/cc. /61 0%3 7; _, -)
907 -/ v Ave- d/we/ lol 0,35 z

P7 -0 A A /~ t- / )01 3.1'-Z 2-S3
b0 -7 6 L&A, /6. b7 -Z5y", , 6

- v 'A-z-x- I j ___'7 (9, Z

Analysis Notes
NdSa -f l" IlR6J /e wCr~

.3 R/" 4 r 7nx 0 A--g tn --:r LeC,;r&O le'=C /9sF~d

Analyst Name t Zo S/W ver 7 221$t'c. V.2. 2-0
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HNF-3531 -REVO

Borehole 21-08-02

Contamination (Cs-137) from 0 to 14 feet is Tank Farm Activity

Grade Thickness Product from 0 to 14 feet is erratic from 1975 through 1979,
and is categorized as Tank Farm Activity. Grade Thickness Produce from 1980 through
1994 the is decreasing at a rate consistent with the decay of Cesium-137 (identified from

HPGe detector).

Gross Gamma Surv Information
Probe Type: 04: Sodium Iodide Scintiflator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth: 130 ft

SurveyDepth: 130ft
First Survey Date : 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 228

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold (0< val < 50)

Depth(s) where Contamination Identified in 0-14 feet is TF Activity
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

K Borehole $/((zi-05-.)

Log Date: 75--O-/t,- 1'

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys 21
# neutron surveys -3
9 Y- &-/ -3 Last

Probe Type 05
# GR Surveys 22 5-
Presentation Plot Dates

(If different from 14 & Last)

/__c;._/, Max Survey Depth ISO

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

7t-O'Y-Z7 / / /30
-77-e Y-/ 2- 3f / 0
17- 7- // 33 Z 0

79- of-zr '3 1. /

V-- ds,-- 2.? V 'i 1 3a
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BackGnd.Txt
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75--/d-/ Z4v&6- qZ _37 -Z.7v-
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7-a--OI Ae-dk 94v6 76 1 7 _'____9P 1. y5
7-/-/4 4.%.- '+y ; 24.1 ,z L970 z0

zL-4et /W&6 S 7t 1Y4 //. 5~_____________
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93-/J-/7 1lC LAA. /O I 1/ 7 1 I.-3
1r~~O3'--k/Wt~k 100 1_______

Analysis Notes

t? 4A-/ rrof--'2-tA-s ,c'..-e's r A/64tt ~7 --- s -p7 (Atr CA, 7v.nup

Analyst N a .. / S/W ver o_6W5>1 -% 2 D
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HNF-3531 -REVO

Borehole 21-08-04

Contamination (Cs-137 & Eu-154) from 0 to 12 feet
appears Stable

Grade Thickness Product from 0 to 12 feet is decreasing within log acquisition
procedures, consistent with a least squares fit for Cesium-137 and Europium-154

(both identified from HPGe detector) between January 1975 and June 1994. The radiation
zone was partially logged from May 1982 through February 1984, as shown on the stack
plot. The least squares fit results in a gross gamma contribution ratio of 0.28 for Eu-154

to Cs-137 on June 1994.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (5 surveys)
BoreholeDepth: 100 ft

Survey.Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 341

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 0-12 feet appears Stable
Gross Gamma Surveys :

Analyst Name: R.K Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 6ft/-0 -'0 5) Total # Surveys Probe Ty
# neutron surveys -5' # GR Su

Log Date: 75 0/-/' 1S 9 '~b/ 3 Last Presentat
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HNFn3531 -REVQ

filein:= "two.txt"

A:= READPRN(filein)

N:= last(yr)

Well 21-08-04
yr := A >

N = 330

net := A >

i:=0..N

rcs := 30.17 acs := 4000

2nd Isotope is Eu-1 54 (8.5 yrs) ,c := 8.5

- (yr 1 - 75) 32.
Csi := acs-e =

- (yr - 75). n(2)
X2 := a2-t tot := Cs + X2

grossi:= neti
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HNF 3531 -REVO

Borehole 21-08-05

Contamination (Cs-137) from 0 to 35 feet is Stable
Contamination (Co-60) from 62 to 72 feet is Stable

Surveillance logging activities were not designed to monitor
low contamination levels and monitor contamination at the surface.

The upper radioactive zone (0 to 35 feet) indicates that a short lived radionuclide, such as
Ru-106, may have been present from 1975 to 1976. Ru-106 was identified (hypothesis) in

the adjacent borehole, 21-08-06.
Grade Thickness Product from 0 to 35 feet is decreasing within counting system limitation

at a rate consistent with Cesium-137 (identified from HPGe detector)
between January 1975 and June 1994.

Grade Thickness Product from 62 to 72 feet is decreasing within counting system
limitation at a rate consistent with Cobalt-60 (identified from HPGe detector) between

January 1975 and June 1994. After 1984 the concentration of Co-60 is at and below the
sensitivity threshold.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types : 03: Neutron (3 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 360

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 0-35 feet is Stable
Gross Gamma Surveys: 62-72 feet is Stable

Analyst Name : R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

BoreholeYX (2 6-6 5S) Total # Surveys 3 43 Probe T
# neutron surveys 3 # GR S

Log Date: 7S-01-- 1 9 'AuS-/ Last Present

Contamination Zone Depth(s): 1- w z tpe (45- 72 Cr)
Isotope from Spectral Survey: CS -/37 ?0 - ,<-r ) <- -,5- /

ype e___
urveys 36 o
ation Plot Dates

(If different from I"& Last)

Max Survey Depth /re'
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Survey Date num. Gaps approx #Sampl's Comment
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HNF-3531 -REVO

Borehole 21-08-06

Contamination (Ru- 106) from 43 to 52 feet is Stable

Grade Thickness Product from 43 to 52 feet is decreasing at a rate
consistent with Ruthenium- 106 (hypothesis) half-life

between January 1975 and June 1981.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 1458

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <= 0
Method Used to Compute Background: Threshold (0< val <50)

Depth(s) where Contamination Identified 43-52 feet is Stable
in Gross Gamma Surveys:

Analyst Name: R.K. Price

Analysis By: Three Rivers Scientific
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HNF73531 -REVO

Dry Well Survey Analysis - Notes

Borehole t) Total # Surveys#/ / Probe Ty
# neutron surveys '3 # GR Su

Log Date: 75-o-/' St 7 Ir- 04-/3 Last Presentat

Contamination Zone Depth(s):
Isotope from Spectral Survey: C-3 7 ( -/ r) 4 / //

e J 9
reys IctY7
ion Plot Dates

(If different from Id & Last)

Max Survey Depth 110

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

77-01-f7 2-2 Pa
7f07-/11 &e-3 -5 4k

f-e-Oy 2- 1  /eo

15-0/-2.'- 7-? | /02-
qV-63-Zy eo

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

76-03-2Y% 168 .,

1*Z- M-/ M/398aAeg

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

76-&Y-ir Av-A/- 7e r -7c T, 7
E-14& 7 -7 3 -3 A 0

- a '' 7 qf% 3S r

92 -t 2 -,3 -A

Analysis Notes

5,we' I-5Co LiY- fP4 C~in-z -4"

Analyst Name S/W ver S . -t
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HNF-3531 -REVO

Borehole 21-08-07

Contamination (Cs-137) from 0-12 feet is Tank
Contamination (Cs-137 & Co-60) from 30-42,

is Stable

Farm Activity,
& 42-54 feet

Grade Thickness Product from 0 to 12 feet is erratic from 1975 through 1979, and is
categorized as Tank Farm activity. Grade Thickness Product from 1980 through 1994 is

decreasing at a rate consistent with Cs-137 (identified from HPIGe detector).

The main radioactive interval was evaluated as two radioactive zones to identify if
downward movement had occurred. Grade Thickness Products from 30 to 42 and 42 to

54 feet is decreasing at a rate consistent with a least squares fit for Cesium-137 and
Cobalt-60 (identified from HPGe detector) between January 1975 and June 1994, The

least squares fit results in a gross gamma contribution ratio for Co-60 to Cs-137
of 1.8 and 8.6, respectively, on June 1994.

Gross Gamma Survey Information
Probe Type. 04: Sodium Iodide Scintillator

Other Probe Types : 03: Neutron (4 surveys)

Borehole Depth: 100 f
Survey Depth: 100 1

First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Survey&: 250

AnlsaNotes
Number Surveys Rejctd: 0

Lower Threshold for Bad Survey Values: <- 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 0-12 feet is Stable
Gross Gamma Surveys. 30-42 feet is Stable

44-54 feet are Stable

Analyst Name: RK. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole X(2.j-0$-07)

Log Date: 7S-19) -/r1 t

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

Total# Surveys 2-43
# neutron surveys -5
P t-t b -/ 3 Last

Probe Type t59
# GR Surveys Z-5t
Presentation Plot Dates

(If different from 14 & Last)

Max Survey Depth 1'0

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

I 1-07-i 7A'

17 r- 03-2 z f -

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

X-j-tI ~&±sat. /'1T
76 -b3-2 ZY 3410 y 1 6a_ _ __ _ _ __ _ _ __ _ _ __ _ _

7 L6 07- a-, $ 1 ; O -Z Toot 'Pi A-or s-, ' Ce Ai #'r r
71- e- It ' I v4ql /.p
1 2 -04-i 0 - la/ t:', -7 4-S ct 4eCjygAT

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

75-/y-'y 1 '3 f -7is 27. -2
1-7 1 -- z-r kA- -tk 7 7 77 Y .

7l -O% zy &'- JAC 1{ 9iS 't2fr
7,6 e,?- 7- An.- Llk -- i ft 4*A e !,Z

7 z2-67-1 1 ) -Ck 1 7 27Z 2d3.F
73-//-/ 7 Avc- 6/c4- 7Jf 4tt -,7

Analysis Notes

A/ <hff le V.5 /e~ lc ?;&

Analyst Name ( -14 ..4l63... S/W ver //-S.
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HNF-3531 -REVO

filein:= "two30-42.txt"

A:= READPRN(filein)

N last(yr)

too:= 5.27

Well 21-08-07

yr :=

N =245

rcs := 30.17

net != A >

i:= 0.. N

aco ;= 3400

bkg := A< 6

k := 0.. 300

acs := 220

(y 75).!!)
Csi := acs-e

gross := net

5000

gross

tot.

4000

3000

2000

1000

C'

-(yri - 75)aoIn2Coi := aco-e w* tot. := Cs. + Co

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr

75)> -(yri-75) ! -2

TM + a3-e (r =IIssq(ala3) gross - [ai1e -

Given

ssq(acs,aco)=0

Minerr(acs,aco)

1=1

acs =228.235 aco =3.459-103

- (yri - 75)
Eu, := aco-e )*2

out 1 > := tot WRITEPRN

acs- = 0.066
aco

("twop.txt" ) := out
CON

-=1.803
CsN

272
Cs-Co-Decay.mcd

max:= A 4

j := 0.. 299

00

0 0

L acsaco

Cs I

- (yr - 75) 2(
acs-e

out <> := yr

0

toti := Cs1 + Coi

Page 17/20/98



HNF-3531

filein:= "two42-54.txt"

A:= READPRN(filein)

N:= last(yr)

co:= 5.27

Well 21-08-07

yr:= A< >

N =244

os:= 30.17

net:= A 7>

i:=0..N

aco := 1500

- (yr - 75) 22)

Cs1 := acs-e ""
-oyr-75) 

Co; := aco-e- (Yr " - tot := Cs1 + Co

grossi := net,

2000

gross.
0

tot.

This data edited for spurious points

so

A
74 76 78 80 82 84 86 88 90 92 94 96

yr1

7 5 t a -e y r 7 5 ) .1 n ] 2

WS" (Y3 -essq(al,a3):= - al-e

Given

ssq(acs,aco)w0

acs
:= Minerr(acs,aco)

aco acs =21.068 aco = 1.567-103

- (yr - 75). n(2)

acs-e

out := yr

- (yr, - 75)- )
Eui := (xco-e =0

out := tot

tot := CsI + Coi

WRITEPRN("twop.txt"):= out

acs- = 0.013
aco

ON =ON 8.62

273
Cs-Co-Decay.mcd

-REVO

bkg := A<>

k:=0..300

max;= A 4

j :=0..299

acs := 30

0o 0

0 0

i | || 1 || |0

1=1

Csi

1500

1000|

0

y grossi

Page 17/20/98



HNF-3531

Borehole 21-08-10

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1995 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys: 229

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys :

Analyst Name: IRK. Price
Analysis By : Three Rivers Scientific

274
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HNFn3531

Borehole 21-08-10

Oldest Survey
1/14/1975
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole .X(2- Cl-/c Total# Surveys 23 2- Probe Ty
# neutron surveys -3 # GR Su

Log Date: 1..%thi/ 1 " 9 -/3 Last Presentat

Contamination Zone Depth(s):
Isotope from Spectral Survey: CS -/37 (1 3- 4c-) <7A&/9

pe 6 t
veys 9 2z
ion Plot Dates

(If different from Id & Last)

Max Survey Depth 0/

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

77-6? 1- z. -2-. | T

-1 f-67-01 7 7|
71'- of- o t f O | V _

90--6;-21 / V /A

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

-75-62-j, A- t-.6/<. r- I a |
75--0.-2- it -cA5 /Do __

1i-64-3a W,-iG<- 95
74-of-- H -- aez /do

77l.-.to Hi-t)/ / a -raOc 4/lc
47 707--// -IrOO L0A4t L[ '5
FO-63-3> qI-cp 14b
i }.-//..., 7 1i-e/c c.. 140 _ BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

75-61-/6 -et-1-7?- 1 2r /2o-' 7,f

7l-'0--.N Pf C, A- I % 46,,

1.-67-zz 'A a-C- qg- j6 % 91. -
7 7-7 -// L-SXz-Or 3!j fl 2-3.4

%O - s-.-ar L4 t .-r i n 'z ,%i ' Z 7 _ _'_ _ _ _ _ _ _ _ _

0-0-LL , c--ft '1-00 Z(h 7,7~_ _

-t.-7Atk/ct- /0 0 .. Z5:3'7, 1__2.

Analysis Notes

/V 0 -. 1/6 Yt f A' tc rso
4yo ~ ~ ~ ~ ~ ~~~k% ff4 I t?.. - "- ~-'A*~tP6a rec -re ci A rr-( £f-c'-e atV

Analyst Name - .. 6 S/W ver % A cs I 2.. 2-V
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HNF-3531 -REVO

Borehole 21-08-12

Contamination (Cs-137) from 2 to 10 feet is Tank Farm Activity

Grade Thickness Product from 2 to 10 feet is generally zero (0) with time intervals of
erratic activity, indicating the possible Tank Farm activity. The radionuclide identified

from the HPGe detector survey is Cesium-137.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth : 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 6/13/1994
Number Surveys : 226

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 2-10 feet is TF Activity
Gross Gamma Surveys :

Analyst Name: RK. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole b (W-0S9--,2)

Log Date: 75 / y 1st

Total # Surveys 5 2.7
# neutron surveys 3

'tr-aP-3 Last

Probe Type V ',
# GR Surveys z 24
Presentation Plot Dates

(If different from 1" & Last)
Contamination Zone Depth(s): _

Isotope from Spectral Survey: Cs -/f7 r-- -?2.'r)

-bo (t>-rsrr)6 C. Io
GAPS.Txt

g,. Max Survey Depth_/6'7

Survey Date num. Gaps approx #Sampl's Comment

77-65r/12. / I/ G

7Y-097 -- j3 .3 0 '--
116>7-/9 -5' X Z

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

-7-02-01 /-1/<:- hoo
77-vie-e H"-t- ) ,- 00o

16 1t-iA o C i60Y /00_
76-04-3a H/-IS-<t-

a__-_ -z___ ) a iol-31/-r-cX .r .*< srar,' re r)
93-11-07 -Tcc7 C , L 100

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

75-t-or % CL43t 77 f 4' y __/_

h1--Z3 A-'6- Alcc- f- 7% //6z 149, f
76-%-30 %c6/ 3) 1% sro ________3v

7-07- 10 6 Cctt-, 4'1 3 2'7 Z3..f
1 0-j2-01 t4-- WO &% ? L-

2-bs--16 Auk-c- I c D -3 6 1_ &_ 0
<75- /-/ 7 A) --5/.< /63 2.3 t ' , 1 Lk, 0

Analysis Notes

j-/t c-/4 antw. Z9v (2 ?-/O tC - ' H As t/.q,-r 9p - /4rrec4

Analyst Name _ S/W ver
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HNF-3531 -REVO

Borehole 21-09-02

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth : 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date. 10/05/1993
Number Surveys: 378

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis BY : Three Rivers Scientific
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Borehole 21-09-02
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole y5/-~q.- 0

Log Date: 7S-v/-i yr"t

Contamination Zone Depth(s):
Isotope from Spectral Survey: _

Total # Surveys 3f/
# neutron surveys ~3

13--/0-05 Last

e5-/.3 7 to 7 7

Probe Type &L/'
# GR Surveys 3 78
Presentation Plot Dates

(if different from -Ft& Last)

<-/& C, Max Survey Depth 00

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

/S-/0-)s f 7

1f9-o,3 2 /0
7,7-07-11 q 3 C/ (

f-0 f-Oy 3tf -, /
a . i? I.HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

7W-O-O? 0 t-4/<G _ _ r/'i
76- 0S-!y 0 w--AG 0 A _____q

7.1- 04- Z3 -/,qa L A4r e
7 9-07 -/ /4 a... , Or ___

'-cz-Z7,4 Q, -o , A_-i 1040

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

74-63-2~3 C/ -A 1'9.2

-1-07-11 L4vc-o-n 33 /oil 2-5;5
7f-67-11 C?)-/ 0- /, 6.0&
1U0-294 17 fi>t ot 4V
?6-/2_ ____ 7~7 7 -5-0,0

'*__/_ /__ __ 7 o z ___ ___ ___, _ ___

Analysis Notes
Aity 50,fVO-jtr ASrSce .

-I
Analyst Name S/W ver2
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HNF-3531 -REVO

Borehole 21-09-04

Contamination (Cs-137) from 5 to 14 feet is Tank Farm Activity

Grade Thickness Product from 5 to 14 feet is erratic from 1975 through 1984, and is
categorized as Tank Farm activity. Grade Thickness Product from 1984 through 1994 is

decreasing at a rate that is slightly greater than the decay of Cs-137
(identified from HPGe detector).

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 01/14/1975
Last Survey Date: 10/05/1993
Number Surveys: 381

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 5-14 feet is TF Activity
Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By : Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole - ) Total # Surveys 5 ir Probe T
# neutron surveys 4j # GR S

Log Date: iY-os-/c 1s T3-&o- Last Present

Contamination Zone Depth(s):
Isotope from Spectral Survey: CS-/5 7 ( -'S - 2 Zo Q/y)

ype 69I
urveys -3 9/
ation Plot Dates

(If different from I"& Last)

Max Survey Depth / 00

,OAPS.Txt
Survey Date num. Gaps approx #Sampl's Comme

7&-ZFz 70 7 9-0;1-//, ? 6-0Ja
17-OS3- _____ '____ 79~-c 9-0v /4feo&
-n-okch 3t-Z ZOE) q-0,-

'7f-//-oZ. ) 7 |

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

,-oZ--Cn ll --- ( o

(76-ol-07 (N)7j-3 c') C'4Ao -2.64 tttY .Si4?a.4-
'76- Z3 o-S rw. /r - 5
(71-03-og ' -7- 7-- -/% a'>v ^-(--%t 3<.'pA4A
go-9- /a- z r- djt- /d o Mc-r A/ca ~s

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

75-- tT-p A-/a<-fCa /00 -7 Z '74,5
7103-5Z3 '' 17f. 759 ' S?,Z
7/ru- 2.. f!7 CL13 3 -z'? 2 z7,
76- oh - 2? / '2 33-3
7f-07-I, V2 c-r Ic/n Z7-'5-

0-40-2g AJ j6<,r- 71 -'76 __0

Analysis Notes

Nt(Atdrc9/ Zc44. hti tI- +-fr++- C/nw.ttr'- ttcrnic'rr #Cos 4 A
<UHeA4C- -r A-rs /s5.e Z-, /4 SSyt !4)

Analyst Name ixn. YtC S/W verfdi&.s 2, 72
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HNF-3531 -REVO

Borehole 21-09-08

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 10/05/1993
Number Surveys: 367

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 6X (&/-09-o8) Tc
#1

Log Date: 7S-O/-0/1 ' I

Contamination Zone Depth(s):
Isotope from Spectral Survey: Cs-,.3 7

ital # Surveys 3 70
ieutron surveys _3
3- /0107 Last

(0152/nC7-) <- S',

Probe Type 0
# GR Surveys 3.'7
Presentation Plot Dates

(If different from 14& Last)

Max Survey Depth /00
I

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

71-01-o'r 7-? i
V'f-os-n-- 10 00 _

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

15-0'-oq ,I-ax6- 10Po9s sa, 44- ? Ahcr=sg

y-//I r-C5 /00 To M ~>f
T1- OZ -- i 'loL Arse 18 toe~ ;- fl1-&r t-fl<./ 4A c-ne

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avp. Bkg Comment

7>06-2-rT /f__ 71 (2% 34 -r
L-0 2. C?.f/C- -5~ too | 9z
71 -23 __ _4Z7 3 Y. 7

lft-h--9 g '?Cc&4- 0% C- __'________

07- r-LeA- 951 " drC

Analysis Notes

A/cTh,',-r- #ote- -cd&L . 4J t4t-k

Analyst Name S/Wver/A@0o5s vz.2 -o
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HNF-3531 -REVO

Borehole 21-09-12

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 10/05/1993
Number Surveys: 306

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 6 )( (2/-0 )7- Total # Surveys 3 Probe Ty
# neutron surveys 3 # GR Sur

Log Date: 7 -o/-'r 1 " 17- /0 -aS Last Presentati

Contamination Zone Depth(s):
Isotope from Spectral Survey: C-5-37 ( o ro 3 ,q-c -r) C

pe 0Le
veys 3 cr
ion Plot Dates

(If different from I' & Last)

Max Survey Depth tq5 r

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

2--tR 9 7 /i __

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

75-nt -4 r - o e- 2

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg, Bkg Comment

73-b-c-Cl AV C f/<- 4 7-7 242% 3 -13
75-o-J 4ee.. 94 ? -X 3f f
7_-/l-__ L4 & g r 3/ 9' 2 4 .0

7-03-234 hvc,..6/<-.- rr- /o- , n 4
gZ-o7-vrL 4uz/ '/<e T-7 0 o

Analysis Notes

\/ .S t!i'.. 'dtcr 4

A-o ,le" otv4 Z.- £nlt

Analyst Name S/W ver 7%CWecss tO ck
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HNF-3531 -REVO

Borehole 21-10-01

Contamination (Cs-137) from 0 to 10 feet is Tank Farm Activity
Contamination (Cs-137 & Co-60) from 38 to 52 feet is Stable

Grade Thickness Product from 0 to 10 feet is somewhat erratic from 1975 through 1985
and is categorized as Tank Farm activity. Grade Thickness Product from 1986 through

1994 is decreasing at a rate consistent with Cs-137 (identified from HPGe detector) within
the logging system sensitivity.

Grade Thickness Product from 38 to 52 feet is decreasing at a rate consistent with a least
squares fit for Cesium-137 and Cobalt-60 (both identified from HPGe detector) between

January 1975 and February 1994. The least squares fit results in a gross gamma
contribution ratio of 0.05 for Co-60 to Cs-137 on February 1994.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth : 100 ft

Survey Depth: 100ft
First Survey Date: 1/16/1975
Last Survey Date: 2/23/1994
Number Surveys: 369

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 0-10 feet is TF Activity
Gross Gamma Surveys: 38-52 feet is Stable

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole (a--

Log Date: I7-61-/1

Total#Surveys 37-3
# neutron surveys Zr
'9'r-ez- Z3 Last

Contamination Zone Depth(s):
Isotope from Spectral Survey: C3-/37 VC6-&o

Probe Type t7
#GRSurveys SCF
Presentation Plot Dates

(If difibrent from 1" & Last)

Max Survey Depth /0?

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

74-195-2-4 /.3/ /70
71?-67->) 9-64 CO ~
-71-Of -0 L- 31 4 gr

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

77--02-13 /VV --re ~6 C'oc F L- 11-7'-0-t. -72w toacs-
-r-03-OY /490 -e44 r:e ,94 / 7 < - / - 'tOA1,6S/'rte e

,7.5- 03-il LOAn4SL4foq 171) tAcod'- -- iOe{% P 77-07-/A (o) s3cttr -
1a f-a 0s & 1997o - z-1 1 3)-63 -Z-3 k-4 ~ e

_______-7 g___ -f- e.7r f 0*' si-t--a &.6e) 010Yk-03'-t* Lo-4.a^tus 110 f(.GM (Ao4/ t 2-vr-/' let ge1.
'027 ffn- -|p>t9

-7 -o,4(,,6 q D .6,V 1.
1902-Z-F J00 Gac (gdr.xt

Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment
75-01--t- At-,c-6f<c- '71 V_ % 00
7y- 6z-)3 ' 16% c '
15- 63-os IF Z70
-7s99' _ o, _

'7-O5-y2- ca3t'/ 7G 333Z fl.

1-1-N-2-zL 97& 7W Y)V73

1 -O -A /-/<c- C 077 9,0 |

Analysis Notes

-7 VJ Lftgtv 4dr_ /-e rt r A -&
G~i tirs = t/ /7 /ofir.zr e-cr-, ,n t -, fry ( caowss-r ra./c.c /i

Analyst Name z, & S/W ver 7 2 C
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HNF-3531

filein:= "two.txt"

A:= READPRN(filein)

N := last(yr)

rco 5.27

Cs. :=acs-e

Well 21-10-01
yr:= A net:= A >

N = 356

Tcs:= 30.17

-(yr - 75) A)

i := 0..N

aco := 400

bkg:= A<6>

k := 0.. 300

acs := 900

-(yr- 75) n(2

Co:= aco-e O

max:= A<4 >

j := 0.. 299

tot. := Csi + Co

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr.

- -(yr.- 75)In)
grossi - al -e tSs

ssq(acs,aco)=O

Minerr(acs,aco)

75)! 2!z
+a3-e * J

1-1

acs = 905.409 aco = 407.919

- (yr - 75) it(2)
o rcs-e ou = t

out 0> := yr out := tot

- (yr - 75) In(2)

aco-e o tot := Cs + Cot

WRITEPRN("twop.txt"):= out

303
Cs-Co-Decay.mcd

-REVO

gross,:= net,

1400

grossi
0

tot.i
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0I I I I I I
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ssq(al,a3):=

Given
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Cs
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- = 2.22
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HNF-3531 -REVO

Borehole 21-10-03

Contamination (Cs-137) from 0 to 96 feet is Stable

The surveillance logs were analyzed as six radioactive zones to identify if downward
movement had occurred. The Na! and Green GM probe types were not designed to

monitor high contamination levels (greater than 40,000 and 20,000 c/s, respectively). The
radiation zone (0-23 feet) exceeded the count rate capabilities of the Green GM.

The Red GM probe (0-23 and 23-41 feet) showed that the Grade Thickness Product was
decreasing at a rate consistent with Cs-137 between July 1980 and May 1994. The lower
five radiation zones (23-41, 41-57, 57-72, 72-88, and 88-96 feet) have Grade Thickness

Products (Green GM) that are decreasing at a rate consistent with the decay of
Cesium-137 between July 1980 and May 1994.

Gross Gamma Survey Information
Probe Type: 01: Green GM (Intermediate Sensitivity)

02: Red GM (Lowest Sensitivity)
Other Probe Types: 03: Neutron (4 surveys)

04: Sodium Iodide Scintillator (saturated)
14: Shielded NaI (saturated, limited time)

BoreholeDepth: 100 ft
SurveyDepth: 100ft

First Survey Date: 7/24/1980 (Type 01)
5/05/1980 (Type 02)
1/11/1980 (Type 14)

Last Survey Date: 5/26/1994 (Type 01)
5/26/1994 (Type 02)
9/02/1980 (Type 14)

Number Surveys: 133 (Type 01)
155 (Type 02)
32 (Type 14)

Analysi Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 10)

Depth(s) where Contamination Identified in 0-23, 2341, 41-57, 57-72,
Gross Gamma Surveys: 72-88, 88-95 feet are Stable

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis

Borehole 3 XC2/- /6 -03)s

Log Date: tAHTr ' 1st

Total # Surveys 3
# neutron surveys
9 -oC- Last

Contamination Zone Depth(s):
Isotope from Spectral Survey: (.s-t.s 7 4la.- V . a

-s-re (cpGAP/r)
e_ GAPS.Txt

- Notes or 03/ ) oz *"-o
0aOjsr) 70--or-cg +rrc

Probe Type 0/ otc f/c-o- -
# GR Surveys //dcz 6o-a/,,
Presentation Plot Dates

(If different from 1" & Last)
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HNF- 3531

Borehole 21-10-05

Contamination (Cs-137) from 31-52, 52-62 and 74-85 feet
is Stable

Grade Thickness Product in three contamination zones
(i.e. 31-52, 52-62, and 74-85 feet) is decreasing at a rate consistent

with Cesium-137 decay between July 1980 and November 1989.

Gross Gamma Survey Information
Probe Type: 01: Green GM (Intermediate Sensitivity)

Other Probe Types: 02: Red GM (Lowest Sensitivity)
04: Sodium Iodide Scintillator (Saturated)
14: Shielded NaI (limited time)

Borehole Depth: 100 ft
Survey Depth: 100 ft

First Survey Date : 7/24/1980 (Type 01)
1/14/1980 (Type 02)
1/11/1980 (Type 04)
7/24/1980 (Type 14)

Last Survey Date 11/06/1989 (Type 01)
7/22/1981 (Type 02)

12/16/1980 (Type 04)
5/05/1981 (Type 14)

Number Surveys: 74 (Type 01)
36 (Type 02)
32 (Type 04)
39 (Type 14)

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= -1
Method Used to Compute Background: Threshold (0< val < 10)

Depth(s) where Contamination Identified 31-52 ft is Stable
in Gross Gamma Surveys: 74-85 ft is Stable

Analyst Name : R.K. Price
Analysis By : I Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole $)X6Z/ /0 Total # Surveys / F / Probe Typ
# neutron surveys o # GR Surv

LogDate: AO-07-2 rst 17-/n-06 Last Presentati

Contamination Zone Depth(s):
Isotope from Spectral Survey: CS -/57 (AVu.- W ) - &4-/0o --t-
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HNF-3531 -REVO

Borehole 21-10-07

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/15/1975
Last Survey Date: 2/23/1994
Number Surveys: 395

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By : Three Rivers Scientific
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HNF- 3531

Borehole 21-10-07
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole IIX(zi-/0-07 Total # Surveys 371 Probe T
# neutron surveys - # GR S

Log Date: 75-01 -/ 1 t 7--0Z - Z3 Last Present

Contamination Zone Depth(s):
Isotope from Spectral Survey: 1s-t1r (c.- C s) -r S-COCA#

ype -
urveys ;
ation Plot Dates

(If different fromI l"& Last)

Max Survey Depth /da

GAPS.Txt
Survey Date nui. Gaps approx #Sampl's Comment

'75 ~IZ-03 1 3 1 {{

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

75-0-3-i *?4&E /A 4

7ke-09-1 If/ -/t CS 1 Possa&a- *Zc '-Ols .4

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment
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15-12-10 L L- /00) 24 ,

76-6S-15 c/- 15 K- 17 f/ % (,..
74 -,0.-Of - L44V 1 b 37% 2-1.9

7764-m-Of 4 &VtI t /00% 2-7-V
Vr-61--0k 2-M' '1^/%

Analysis Notes

An 6 U/r cVrr6-wtn - FtdL-/O

*1)AAin & /0<tprcr M fN-

Analyst Name (a-,t*// ) S/W ver 1 A45 % L
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HNF-3531 -REVO

Borehole 21-10-11

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma 5'rvey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/15/1975
Last Survey Date: 2/23/1994
Number Surveys: 363

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamipation
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531

Borehole 21-10-11
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole B)(621-10-/)

Log Date: 75- 1/ -/sl"

Total # Surveys 3 4 7
# neutron surveys zfi
'Ir-Oa -23 Last

Probe Type 041
# GR Surveys 3AsJ3
Presentation Plot Dates

(If differt from 1" & Last)
Contamination Zone Depth(s):
Isotope from Spectral Survey: CS -/,? -7 .s,4cq,o 4.y (-ro zY
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Analysis Notes
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HNF -3531 -REVO

Borehole 21-11-03

Contamination (Cs-137) from 0 to 10 feet is Undetermined
Contamination (Cs-137) from 34 to 44 feet is Undetermined

Contamination (Cs-137) from 44 to 62 feet is Stable
Contamination (Cs-137) from 62 to 70 feet is Stable
Contamination (Cs-137) from 70 to 94 feet is Stable

Surveillance logging activities were not designed to monitor high contamination levels
with count rates exceeding 40,000 c/s (34-44 feet) and monitor contamination at the

surface (0-10 feet).

Grade Thickness Product from 44-62, 62-70, and 70-94 feet is decreasing at a rate
consistent with Cesium-137 (identified from HPGe detector) between July 1980 and

December 1989.

Gross Gamma Surv Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 14: Shielded NaT (21 surveys; 1980, 81, 89)
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 7/24/1980
Last Survey Date: 12/19/1989
Number Surveys: 176

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold fir Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 0-10 feet is Undetermined
Gross Gamma Surveys: 34-44 feet is Undetermined

44-62, 62-70, 70-94 ft Stable

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF:3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 6X(2--/1-03

Log Date: 'OD-o7-2.tist

Contamination Zone Depth(s):
Isotope from Spectral Survey:

Total # Surveys 9 7
# neutron surveys 0
fl-/z--/q Last

Probe Type
# GR Surveys
Presentation P

Cs-3 7

/'Y= 90-0/-C -,,3f

I'7

lot Dates
(If difrernt from 1' & Last)

Max Survey Depth / P V

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

8'1-ID-/3 i z /0 0?S07-3o /3 D ___r

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment
Si--az.2 W/-A:a 9 /5~ __ _ __ __ _ _ _ __ _ _ __3_ _ _ _

-r-a.. 9Ct..er 1* ?7 % Z3. 7~

Analysis Notes
ZoA ~ 7 - / F 7-6c 2 /a~,rXz - c-C Y5

Analyst Name S/W ver Zkoss L &
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HNF-3531 -REVO

Borehole 21-11-04

Contamination (Cs-137) from 35 to 46 ft is Stable

Surveillance logging activities were not designed to monitor
high contamination levels with count rates exceeding 40,000 c/s.
Grade Thickness Product from 35 to 46 feet is decreasing within

counting system limitations at a rate consistent with Cesium- 137 decay
between July 1980 and December 1989.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 14: Shielded NaI (22 surveys; 1980, 85, 89)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 7/24/1980
Last Survey Date : 12/27/1989
Number Surveys : 218

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified 35-46 ft is Stable
in Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis -Notes

Borehole B) (2/- 1/t-'

Log Date: 50-07-l2Ylst

Contamination Zone Depth(s): 30- 9-
Isotope from Spectral Survey: Cs-/r7

Total # Surveys 2 9 )
# neutron surveys C
fi-12-- 7 Last

to -k-)

Probe Type d(-, /9

# GR Surveys z
Presentation Plot Dates

(If different from 1g & Last)

Max Survey Depth 1'

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

YI-Ag-13 2, 'r q9

HI-ZONES.Txt
Survey Date Reason Selected num, Samples Comment

9'-0- /0 ,/v PC y __6.- 9 m4o-e Lksl A

gV-../g-/ AM v'64k Yff q, 5F

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

cl)-/->3 % & U _7_ zr-.f 71, Z 776
15-o3-126 A4v-AK- 7K 9___ Y. -
'5-a-24 V6-4'<- < __,', j 7

Analysis Notes

Analyst Name S/W ver
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HNF- 3531

Borehole 21-11-05

Contamination (Cs-137) from 40 to 46 ft is Undetermined

Grade Thickness Product from 40 to 46 feet is decreasing at a rate that appears to be
greater than the decay rate of Cesium-137 (identified from HPGe detector) between

January 1975 and February 1994.

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types : 03: Neutron (4 surveys)
Borehole Depth : 100 ft

SurveyDepth: 100ft
First Survey Date: 1/14/1975
Last Survey Date: 2/23/1994
Number Surveys: 558

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: 50 to 90 ft

Depth(s) where Contamination Identified in 4046 feet is Undetermined
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF 3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 6K{2t/H-/ ) Total # Surveys - 2-
# neutron surveys

Log Date: 7S-/-/V 1 t q,'-o2 -23 Last

Contamination Zone Depth(s): 4 Zc-r/
Isotope from Spectral Survey: C5-- 1 -,

Probe Type 4V
# GR Surveys t3 g
Presentation Plot Dates

(If different from I" & Last)

Max Survey Depth / 6 ,6-r

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

511-id-13& 4 21 Y /S

1/- o-f- 2. 7. 9 Sr

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

75-oz-/3 / -C C45 /00 -70& /.
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21-0- ef Jx L-t- so rftfo+>w,
BackGnd.Txt

Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment
-7 5-OZ-/ -i /- 9.~ 8 r_ rp_; e, 0
7 -V--o / .6ok . si 15P 3 '.?

-m- oS- z 'cis6t' 'h '/17, 36,
76-§:/rU&2/icc....- 9'b /c2, /r t v

(-0- %-Cis' ' 7i 2 2.7
t5lot-d *tcSc. 71 P, 2-2-7
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5'5-bz/-z6 4F<3 91 73' /3. Z

cL- 6-u4z Ave- B-<.... 9 'Y 1 7-7% _08 0

S2- OF-1 x 5x~ '79- &1 ,o
Analysis Notes

6- -O 7r

Analyst Name /'ft.iy-t ..c.,9 S/W ver Pc 2- -CO
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Borehole 21-11-07

Contamination (Cs-137 & Co-60) from 35 to 45 feet is Stable

Surveillance logging activities were not designed to monitor low contamination levels.

Grade Thickness Product from 35 to 45 feet is decreasing at a rate consistent with a least
squares fit for Cesium-137 and Cobalt-60 (both identified from HPGe detector) between

January 1975 and February 1994. The least squares fit results in a gross gamma
contribution ratio for Co-60 to Cs-137 of 1.3on February 1994.

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/15/1975
Last Survey Date: 2/23/1994
Number Surveys: 561

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <=0
Method Used to Compute Background: 5 to 35 feet

Depth(s) where Contamination Identified in 35-45 ft is Stable
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole SX(2/-//-07)

Log Date: 75-6/-/, 1st

Contamination Zone Depth(s):

Total # Surveys S__
# neutron surveys 2L
9-/-02-23 Last

9 0A% (35'94c

Isotope from Spectral Survey: CS-/37 L< S0 614-
CO -4a VW -r ' ,, c ; e/p,

Probe Type Oct
# GR Surveys r~46/
Presentation Plot Dates

(If different from I" & Last)

10IL 2 to') Max Survey Depth / 00

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

[A 70 az VcA( flY

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

75-03-os /K c,15 /00
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%'S-t2-26 |2oLk fc /00 -TOOL A'64Lt,'COP

I 7-v2- 1-z I--O -ne c #I ( C9t-
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Analysis Notes

l /e Sugvcv gzr: 7rZ

Analyst Name _ S/W ver /6i.-&oSSk '/ 2(
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HNF- 3531

Well 21-11-07filein := "two.txt"

A:= READPRN(filein)

N:= last(yr)

yr:= A

N = 550

tscs:= 30.17

-. o yr-75))

Csi := acs -e- (Yr - = - (yr - 75) In2
Co := aco-e o tot := Cst + Coi

This data edited for spurious points

74 76 78 80 82 84 86 88 90 92 94 96
yr

grossi - al-e i
75) r2)

WS +a3-e I 2

ssq(acs,aco).0

acs
:= Minerr(acs,aco)

aco I aocs = 15.785 aco = 170.204

- (yr - 75) !
acs-e

out<0> :=yr

Eu. :=

out :=tot

toti := Cs. +Co

WRITEPRN("twop.txt"):= out

acs
- = 0.093
Cco

'=1347

351
Cs-Co-Decay.mcd

-REVO

Tco := 5.27

net:= A7

i:=0..N

aco:= 170

bkg := A<

k:=0..300

max:= A<4

j:=0.. 299

acs := 20

gross := net

500 r

0 0

1 0 *0
0o

grossi
0

tot

400

300

200

100 -

0

ssq(al,a3)

Given

1.1

Cs1 :=

75)

- 5yr !- 75
aco-e MO
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HNF3531 -REVO

Borehole 21-11-10

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 R
First Survey Date : 1/15/1975
Last Survey Date: 2/23/1994
Number Surveys: 554

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Borehole 21-11-10
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole X (2-i--fo)

LogDate: -0 r 1 st

Contamination Zone Depth(s):
Isotope from Spectral Survey: -

Total # Surveys S3W
# neutron surveys -

99-ZW'-23 Last

CS-7'3 2, S 4 l0-tc J

Probe Type ' -/
# GR Surveys SE3h"
Presentation Plot Dates

(If different from Ig & Last)

Max Survey Depth /00'

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

7 q- b1- /3 q 1 <,Il - ID- # / 6 /00

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

740- 14 ot-' -tse & e' f'RO-OA 40- otA (~t~s

li-6g-19 Hl- 61C c - n W'4#f A-/c-S/c<...
g'S- 7M---e /')- _____ Tc ' /QV a-a Ln

&A i-ZL TW C-ro a '1%ot- PA, F-41 4&
___-__- __ ac AAt.. /00
j.i-O'-a/ /-C/c icc '-A6- 4'--Akc
q 3- O9-o, ,lvGv~z,- ;, p, /g-oMAd .d ma ,&-4/ c1a-

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg.Clean Avg.Bkg Comment

/7024-iq r/-61< - 47- 15 - -. 7
-76-6 -4 ts w-6,'- 1 37%_.9

- 1% 2 3.7
'5p-O2 2Sit -cdt s /e pj7 8 -

a(/--o -21 h-'/-VCC- 1' A 0 -0 ___________

Analysis Notes
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Analyst Name S/W ver
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Borehole 21-11-11

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/15/1975
Last Survey Date: 2/23/1994
Number Surveys: 554

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Borehole 21-11-11
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole A (2/',-g

Log Date: 7-61H-1 1't

Contamination Zone Depth(s):
Isotope from Spectral Survey:

Total # Surveys SSS
# neutron surveys S-

1'f-02 -23 Last

C5- 37 (.S Oe)cA o-4

Probe Type L9 5t
# GR Surveys 535
Presentation Plot Dates

(If different from Id & Last)

W Y) Max Survey Depth l00x

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

75-i'-36 (6> q'5~
$1-760-3 - ____

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment
$ 1-10--- /i-_9/c- /L0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

13- p -L4 rbO..-V4l /co 7oo /0 f - WC7

q 1-63-0 t /i rossd cd t<.aa_ At'O ;e - 2-
9/-0o-7r w,-sec- /0 c/i - t Csu",-rs

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

~79-I2.~2, /-0-.,/c. 7I If 71 3. ___

il-/o,'.f %/00-1 /3 - 7-2. ,Z-

g/-I/-, Ar--6Z/(- T c/ cs2 2 4 C'S
S 5-'O2-Z l Acrv 0% cv /0 _0 __;?._Z

6L4o-?.i.Av-ai AV <- /_o / '7-6 / 3_-
/ t -2.--0 6 - CAsil5 IG O 0M, (9, -n

Analysis Notes

t/ arc &V S A& c- reC
Al /?A.O-rWtJn/ Ze4 & X-iv7r, y 04) rte ..Su>7f -

Analyst Name [-7t~,dA f) S/W ver 76res t .10
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Borehole 21-12-02

Contamination (Cs-137) from 0 to 6 feet is Tank Farm Activity
Contamination (Cs-137) from 6 to 20 ft is Undetermined

Grade Thickness Product from 0 to 6 feet is erratic from 1975 to 1986 and is categorized
as Tank Farm activity. Surveillance logging activities were not designed to monitor low
contamination levels or contamination near the surftce. Grade Thickness Product from

1986 through 1995 is decreasing at a rate consistent with Cs-137 (identified from
HPGe detector).

The radioactive zone from 6 to 20 feet has three time intervals that warrant discussion.
(1) From 1975 to 1976 the Grade Thickness Product appears to be decreasing at a high
rate which may indicate a short lived radionuclide, possibly Ru-106. (2) From 1976 to

1982 the Grade Thickness Produce is decreasing within counting statistics at a rate
consistent with Cesium-137, then a step increase appears to have occurred. (3) From 1982

through 1994 the Grade Thickness Produce is decreasing within counting statistics at a
rate consistent with Cesium-137 (identified from HPGe detector).

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Sciatillator

Other Probe Types: 03: Neutron (3 surveys)
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/14/1975
Last Survey Date: 5/25/1995
Number Surveys: 361

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: 20 to 95 feet

Depth(s) where Contamination Identified in 0-6 ft is TF Activity
Gross Gamma Surveys: 6-20 feet is Undetermined

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole M)( (z/- /2 - C) Total
# neut

Log Date: -?- 5yist q5-0

Contamination Zone Depth(s): Stfl-crcs
Isotope from Spectral Survey: ('<;S -1-7

#Surveys 3 6 '7
ron surveys -3

- 25 Last

Probe Type 6 '
# GR Surveys 3 4,
Presentation Plot Dates

(If different from l' & Last)
7o 2 0 A7
(Cs - / o 9-2F r4, Zp Cjax Survey Depth / 00

GAPS.Txt
Survey Date num. Gaps num. Samples Comment
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76- o- ZL 1,6
T/- Id-i /3 /cO ~

i2-65-1 g T 7 /10_

HI-ZONES.Txt
Survey Date eason Selected num. Samples Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment
7X-O'04 'Z6-sv 07, /9 1/% -3 k:*-v-
7t>3-1' .AP cV &W F.o

1-(- w > 3,3-
77-0 2-16 i1< -7 '- 5z .x 3 7
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Analysis Notes
-c&) 1-tv4 C- 69-vt'/1 v,<iSn- ot t Sc>C / 6-r -/ ?0, 7'

Analyst Name S/W ver 2f- j{ ' 0
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Borehole 21-12-05

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1995 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types : 03: Neutron (4 surveys)
Borehole Depth: 100 ft

SurveyDepth: 100ft
First Survey Date: 1/14/1975
Last Survey Date: 5/25/1995
Number Surveys: 344

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By : Three Rivers Scientific
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Borehole 21-12-05
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

K.'Borehole IKNzJ-/z -o)

Log Date: 7-0/'/' 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey: Cs - / r

Total # Surveys 3 9'
# neutron surveys j7 -
95- P'S-ZS Last

MA/O (r-C.A,
Ar Sc- 4+fr

Probe Type 01
# GR Surveys 3/R-f
Presentation Plot Dates

(If different from I- & Last)

Max Survey Depth C7c

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

? I -H -), Z 7, 7 '7
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Borehole 21-12-07

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1995 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/14/1975
Last Survey Date. 5/25/1995
Number Surveys : 359

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Dry Well Survey Analysis - Notes

t-" Borehole /x (2 /- /2 -07)

SSt

Total # Surveys 3 4 -3
# neutron surveys /4-
9 5 O--T- Last

Probe Type j
# GR Surveys 3.fi
Presentation Plot Dates

(f different from I'& Last)

Max Survey Depth /00

GAPS.Txt
Survey Date num. Gaps num. Samples Comment

79-o-0i- /5" -L..'?5~
'/--3 '3 / /02-

'Ir- 07 L /Y /r /00 _ __

HI-ZONES.Txt
Survey Date Reason Selected num. Samples Comment

- f(6 -6t3 / jt- 0 0 0 1W te) C /-r'Y
76-66-319C Wft-ce'S J --0e mni-<.es
77-Oz-W4- Ir/-c go' / Mfl'S-.t I rOec ,w-c,c
77-62-0C i4-c- O f /'' -no-- iq4Fc-1

/i -c'~ )A -f/-4 MI ' /00 _________ __________

/- 0 17 '" go' /PC 1' BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

77-0-oq L3c- 1 17 3 Arrsms 1_ ---
75-te2A .P407 6 l '% 2- S!, I-

~7/<-03-/7 2&''2 / 171 9174 22,
-1-rO3 7;&re5 0 Yn (9t 40
1 I7-' D -jl P_/_t3 2-% 7-;7

-77-oZ-0'q P/'*-'t 34 f'% 27.4
$10-13 9Ct4t /00 7 2-3,V -I

Analysis Notes

/V/^! 0 /- z" :o -/ 7 14 fe rde/!5;/

C

Analyst Name S/W ver rt 60d 4 /. 2-0
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Borehole 21-12-10

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1975 and 1994 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types : 03: Neutron (4 surveys)
BoreholeDepth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 5/25/1995
Number Surveys: 355

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys:

Analyst Name: IRK. Price
Analysis By: Three Rivers Scientific

373

- REV 0



HNFn3531

Borehole 21-12-10
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Dry Well Survey Analysis - Notes

Borehole 6X (2/-12 -/V

Log Date: 73-0/-/ Y- 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey:_

Total # Surveys 34o
# neutron surveys 9

95-05-2- TLast

Probe Type (P iL
# GR Surveys 3JS
Presentation Plot Dates .A/t

(If different from 1 & Last)

Max Survey Depth /00

GAPS.Txt
Survey Date num. Gaps num. Samples CommentI-lp-13 'S t I/9 0_

q 2 - VY/ F q T ,-Io

HI-ZONES.Txt
Survey Date Reason Selected um. Samples Comment

7- -ZI /-/ CAS - /00 & fzm r 'o M. , c"O'c 7.

pt--3 Agov, AV- 6oIQno | - jsq 00S ZwI- r-L,

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg.Clean Avg.Bkg Comment

14-oY-o9 tow %c of l2 72% 3/,ho
6--03z r- /: C. 9 c f 5' / 0,5

7 L-, .-234 ThAO, Sut ' I Y 0% A,10
7-b -3 5c |0M4 r - 0% , V
V/--10-|3 L/.w 7 Cyk i A 72-% Z3j,9

lr2Cz-/ It'/ &o p/< C.- I Ty g gg

Analysis Notes

No /U t.t4- (-4-c -r Awr K 4 0 e Z A 7 Os
L A L k Ar--r v ry tA (7Cs-r 5s) tT SvN'6r (- 2.1' r)

0A-s At-o7 A7Z~t.nA'- z, Ar o'-' AIQA-c./' go-i 7'.roft4-4 rr

(hCL/I Fr 7'-tu- CL55 ezS 5 LeA-r C9cO 7 .5e- 1

Analyst Name& t.-L I& ( S/W ver 2>-6,e.s-5 /2. 2-a
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Borehole 21-12-12

Contamination (Cs-137) at 4-10 ft is Stable

Grade Thickness Product between 4-10 feet appears to be decreasing at a rate consistent
with Cesium-137 (identified from HPGe detector) between January 1975 and May1995.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintilator

Other Probe Types: 03: Neutron (4 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date: 1/14/1975
Last Survey Date: 5/25/1995
Number Surveys: 335

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: < 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 4-10 ft. is Stable
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Dry Well Survey Analysis - Notes

Borehole 6X (21- /21 z)

Log Date: 7Y-OIr1lst

Contamination Zone Depth(s):
Isotope from Spectral Survey:

Total # Surveys 34a- Prob
# neutron surveys 7' # GR

g- 0- 2zLast Prese

7,cr ( - Z?.'r A 7' o S&Ls9l
C-/3 7

e Type 0'1
Surveys Y3Sa

ntation Plot Dates
(If different from 1t& Last)

Max Survey Depth /d-r

GAPS.Txt
Survey Date nn. Gaps num. Samples Comment
~71-07 /. /3 72
r/- It-13 ),3 /O z

*j 2.~ -D -/ fji __ _ __ _ __/ __ _ __ _ _ __ _ __ _

HI-ZONES.Txt
Survey Date Reason Selectedn. Samples Comment
IY-nf-9 _ _ IDV qf-t /AtshwssVs > AQV4ftA-

-7C-pt-b23 tl0A4Jl' j6V Possrseg. Toet M$- i"t reep tA iddeon reCg
7 __-___ / ___ -oo s/ftS,4'SZ/0 >Ar/OAA

BackGnd.Txt
SurVey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

_l 9a-30 Mjc~ge,0 crit I % y~
______1f H14w W5 ey 9qz 07c_________

Analysis Notes

/V% -YL'4LftY4 ettts
12tZn Sn, rrco : -6-- S0-Aore \/ 0' (7fla Jg)e

6 c .enst'rst> ( 5a cpc's)
I?" zt-t Ai4crc 9-/c-rr

Zv A, , r 4 7/ 4r1 7IL- /r-vrm- 10 t0' ,4x +:-grt&,1 Y

Analyst Name S/W ver r- r /2.3U 2tTJ1. ./9
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Borehole 21-27-01

Contamination (Sb-125 & U-235/238) from 68 to 78 feet is Stable

Grade Thickness Product for the radioactive zone (68-78 feet) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a

least squares fit of Antimony-125 and Uranium-235/238 (both identified from HPGe
detector) between January 1979 and March 1993. The least squares fit results in a gross

gamma contribution ratio for Sb-125 to U-235/238 of 0.5 on March 1993.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 100 ft

Survey Depth: 100 ft
First Survey Date : 1/09/1979
Last Survey Date: 3/17/1993
Number Surveys: 38

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 68-78 ft is Stable
Gross Gamma Surveys:

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 4X(2/- 27-e/

Log Date: St/-ay 1st

Total # Surveys __

# neutron surveys Z.

95-03-/7 Last

Contamination Zone Depth(s):
Isotope from Spectral Survey: C.S'37 (o- o-e7 ) c 7,47

Probe Type 'L
# GR Surveys 3A
Presentation Plot Dates

(If different from I"& Last)

Max Survey Depth IV

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

I/LO U/S4tWdf-G /('

Analysis Notes

A/0 SLut(VdS (,(Z t--rc/
5t/Zr O -, cOCA / AI /1.c t-iem (7l -/ 6,

Analyst Name 1 -srt te t S/W ver fA-.Coss Vt' tO
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filein :="two68-78.txt'

A:= READPRN(fllein)

N := last(yr)

1st Isotope is U (4.5 e6 yrs)

HNF-3531 -REVO

Well 21-27-01
yr:= AC >

N =37

Tco:= 4.5.10 9

2nd Isotope is Sb-125 (2.77 yrs) T2 := 2.77

r(, - '75) !

C01:= aco-e w 2yr - 75) -
X2 := a2-e 2 toti :=Coli+X2

This data edited for spurious points

80

grossi

82 84 86
yr1

-(y- 75)
- al-e "

ssq(aco,a2)=O 1-1

aco
:= Minerr(aco,a2)

a2 I
aco =30.656 a2 = 1.572-103

- (yr - 75) In(2

aco-e

out<0> := yr

yr; 75) 2 3
X2, := a2-e

outI := tot

acoo = 0.019
a2

WRITEPRN("twop.txt") := out

X2N
- =0.505

Ratio Sb/U CON

Co-2nd-Decay.mcd Page 18/1/98
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net:= A

i:= 0.. N

bkg:= A<6>

k := 0.. 300

max:= A

j := 0.. 299

aco := 30

a2 := 1550

gross = net
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Borehole 21-27-02

Contamination (Sb-125 & U-235/238) from 68 to 78 feet is Stable

Grade Thickness Product for the radioactive zone (68-78 feet) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a

least squares fit of Antimony-125 and Uranium-235/238 (both identified from HPGe
detector) between January 1979 and June 1993. The least squares fit results in a gross

gamma contribution ratio for Sb-125 to U-235/238 of 0.2 on June 1993.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 100 ft

Survey Depth : 100 ft
First Survey Date: 1/09/1979
Last Survey Date: 6/17/1993
Number Surveys: 41

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold (0< val < 50)

Depth(s) where Contamination Identified in 68-78 ft is Stable
Gross Gamma Surveys:

Analyst Name : R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 6XZ/'2 7- a

Log Date: 7f-/l-c9 l1t

Total # Surveys ' 3
# neutron surveys Z
9 -/7 Last

Contamination Zone Depth(s):
Isotope from Spectral Survey: -37i

Probe Type e 5'
# GR Surveys 5Sc
Presentation Plot Dates

(If different from li & Last)

Max Survey Depth / PO

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

_Mar-Scn( V rs 'a, _ 79r > '44 "-05

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

7f-f-:f AMue,' Le/-7 rS'rtre Y-A c7-
79-oi-of { /9sct ______ 4

BackGnd.Txt
Surey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment

79#'-o?, ,a't -i,, 53 '7 6% 2-7 y7

Analysis Notes

A-^ CS ]

Analyst Name _ (&~~ttt (Cc S/W ver 7 , 67 Cr55 .2 tn
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filein:= " &-t_-__. W ell 21-27-02
A := READPRN(filein)

N:= last(yr)

1st Isotope is U (4.5 e6 yrs) rco := 4500000 aco := 30

2nd isotope is Sb-125 (2.77 yrs) 2 := 2.77

X2) =n(2)
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This data edited for spurious points
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Borehole 21-27-06

No Gamma-Ray Emitting Contamination was identified

No significant levels of gamma-ray contamination is present above the survey probe
detection threshold between 1979 and 1993 in the vadose zone from 2 to 100 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 100 ft

Survey Depth : 100 ft
First Survey Date: 1/09/1979
Last Survey Date : 6/17/1993
Number Surveys: 41

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <-=0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in No Contamination
Gross Gamma Surveys :

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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Borehole 21-27-06
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HNF-3531 REVO

Dry Well Survey Analysis - Notes

Borehole )((2-/- 2 7-O

Log Date: 7f-/-of 1I"

Total # Surveys
# neutron surveys _-

F3-0(-/7 Last

Contamination Zone Depth(s): _

Isotope from Spectral Survey: Cs-/y7.

Probe Type 1
# GR Surveys 9/
Presentation Plot Dates

(If different from 14 & Last)

Max Survey Depth <Z)V

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Fe. Clean Avg. Bkg Comment

9 Z 2-Z) -7

Analysis Notes

ko46 S"o v7gs jS vs0ec

Analyst Name 7 S/W ver
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Borehole 21-27-07

Contamination (Sb-125 & U-235/238) from 68 to 84 feet and
90 to 118 feet is Stable

Grade Thickness Product for the two radioactive zones (68-84 and 90-118 feet) is
decreasing within the gross gamma sensitivity to each isotope and relative intensity at a

rate consistent with a least squares fit of Antimony-125 and Uranium-235/238 (both
identified from HPGe detector) between April 1979 and June 1993. The least squares fit

results in a gross gamma contribution ratio for Sb-125 to U-235/238
of 0.5 and 0.04, respectively, on June 1993.

The majority of U-235/238 in the lower radioactive zone (90-118 feet) is concentrated in
the lowest portion from 108 to 118 feet.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 138 ft

SurveyDepth: 138ft
First Survey Date: 1/22/1979
Last Survey Date: 6/17/1993
Number Surveys :37

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 68-84 feet is Stable
Gross Gamma Surveys: 90-118 feet is Stable

Analyst Name : R.K. Price
Analysis By: Three Rivers Scientific
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole 3Y(2/.27-67

Log Date: 9-z/- 22 1 st

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys 3
# neutron surveys 2
9304-/7 Last

-r.Y---25 /0

GAPS.Txt

Probe Type A.-
# GR Surveys 37
Presentation Plot Dates

(If different from I" & Last)

Max Survey Depth Z2A2r

I'N

Survey Date ] num. Gaps approx #Sampl's Comment

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

Analysis Notes

Analyst Name S/W ver7,C-fe's5 V/ Z tO

400

1?z-, - eaj -D



HNF-3531 -REVO

filein:= "two68-084.txt" Well 21-27-07
A:= READPRN(filein)

N := Iast(yr)

1st Isotope is U (4.5 e6 yrs) oo := 4500000 aco := 80

2nd Isotope is Sb-125 (2.77 yrs) t2 = 2.77

- (yri - 75) In(2 )
=eoaco-e

gross,:= net,

2000

15001

10001

500

0

-(y r - 75) X 2
X2i := a2-e ' tot :=Co1 +X2i

This data edited for spurious points

78 80

ssq(al,a3):= grossi

82

- al-e

84 86

Yri

88 90

-yr 75), !n(

Given

ssq(aco,a2)w0 1-1

aco:= Minerr(aco,a2)
(x2 I L)

aco=82.557 a2 =3.911-103

- (yr1 - 75) ln(2)

aco-e X2. := a2-e tot := Co. + X2,

WRITEPRN("twop.txt"):= out CO=21421
rftyo U, X2N /

Co-2nd-Decay.mcd 7117198 Page 1
401

yr:= A

N =36

net := A

i:= 0..N

bkg := A

k := 0.. 300

Co

max:= A

j:=0.. 299

a2 = 3900

rossi
0

tot.i

0
- 0

S*

-0 0

0

92 94

Co.

out " := yr out l = tot

= 0.021
a2

I

- (yri -75) 2
+ a3-e T21



HNF-3531 -REVO

ein:=-two90-118.tx' Well 21-27-07
A:= READPRN(filein)

N:= last(yr)

yr = A

N =36

net:= A<'

i:=0..N

1st Isotope is U (4.5 e6 yrs) Tco := 4500000

2nd isotope is Sb-125 (2.77 yrs) T2 := 2.77

- (yr - 7In(2)
X25 i = a2-c 2Coi := aco-e

bkg:= A

k:=0..300

max:= A 4

j=0..299
aco := 560

a2 := 2400

toti := Co + X2i

gross := net

gross
ars4

tot

1600

1400

1200

1000

800

600

400

This data edited for spurious points

78 80 82 84 86 88
yr1

-nr-7w5 -(yr -75) 2Lk

ssq(al,a3) gross - al-e +a3-e J-

Given

ssq(aco,a2)-0

ace
Minerr(acoa2)

a2 L=
aco = 566.072

b 3
a2 =2.426-10

yr - 75) n(2
aco-e

out := yr

X2; := a2-e

out0 :=tot

yr; - 75) 2L -= 0.233

tot1 := Co + X2j a2

T ( w x 23.682WRITEPRN.(twop.t): out Ratio U/Sb =X2N

Co-2nd-Decay.mcd 7/17/98 Page 1
4W2

- 0

- -

90 92 94

1-1

Co1

K-

(yri - 75)ALw"



HNF-3531 -REVO

Borehole 21-27-08

Contamination (Sb-125) from 40 to 86 feet is Stable
Contamination (Co-60&Sb-125&U-235/238) from

92 to 116 feet is Stable
Contamination (U-235/238) from 130 to 146 feet is Stable

Grade Thickness Product for the radioactive zone (40-86 feet) is decreasing at a rate
consistent with the decay of Antimony-125 (identified from HPGe detector) between

April 1979 and June 1993.
Grade Thickness Product for the radioactive zone (92-116 feet) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a
least squares fit of Antimony-125 (hypothesis), Cobalt-60 and Uranium-235/238 (both

identified from HPGe detector) between April 1979 and June 1993. The least squares fit
results in a gross gamma contribution ratio for Co-60:Sb-125:U-235/238 is 182:43:1097

on June 1993.
Grade Thickness Product of the radioactive zone (130-146 feet) appears to be stable,
within the measurement counting uncertainty, with Uranium-235/238 (identified form

HPGe detector). Surveillance logging activities were not designed to monitor low
contamination levels.

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 150 ft

SurveyDepth: 150ft
First Survey Date: 4/30/1979
Last Survey Date : 6/17/1993
Number Surveys: 35

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <=0
Method Used to Compute Background: Threshold (0< val< 50)

Depth(s) where Contamination Identified in 40-86 feet is Stable
Gross Gamma Surveys: 92-116 feet is Stable

130-146 feet is Stable

Analyst Name: IRK. Price
Analysis By: Three Rivers Scientific

403
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole /SY(2--27-0? Total # Surveys 3 7 Probe T
# neutron surveys 2- # GR S

Log Date: F-- 1st 73- z./ Last Present

Contamination Zone Depth(s):
Isotope from Spectral Survey: C 5, C0 C u f S6 U

'ype V
urveys :
ation Plot Dates

(If different from I4 & Last)

Max Survey Depth 13

GAPS.Txt
Survey Date num. Gaps approx #Sampi's Comment

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment

Analysis Notes

A& -5Cot V-V-Cc dI e-r

Analyst Name S/W ver / aSX 1- 2b

az

1 1

-a7 2.



HNF-3531

filein:= "two92-116.tx"

A:= READPRN(filein)

N:= last(yr)

EWel I21 -27-08
yr:= A <>

N=33

2nd Isotope is Sb-125 (2.77 yrs)

- (Yrj -75)
Cs.: acs-e

net := A 7>

i:=0..N

cs := 5.27

T2:= 2.77

bkg := A<6>

k:=0..300

acs 2000

a2 4030

-(Yri - 75) n(2
X2 := a2-e T2

max:= A <4 >

j :=0..299

B :=1100 B is Uranium

tot := Cst +X2 +B

This data edited for spurious points

00

00

80 82 84 86
yr1

88

ssq(al,a3,a5):= gross, -
(yI-75) (yr -75). 2

al -e- =5 +a3-e T2

Given

ssq(acs,a2,B)*0

a2 Minerr(acs,a2,B)

bk J

1-1 B-B

C%3
acs =2.072-10 3a2 =4.39-10 bk =1.097-103

(yr - 75)2 3)
X2. := a2-e

out" := tot

tot := Cs; + X2i +J

WRITEPRN("twop.txt"):= out

acs
-= 0.472
a2

B
Bk X2N X2N = 43.262

- =0.237C =
6-0 CSN ~ CN 18 2 7 4

Isotopes-3.mcd

-REVO

grossi:= neti

5000

gross

tot.

4000 -

3000 -

2000 -

1000 -

0'-
78 90 92 94

+ a51] 2

Cs.
- (yri - 75).l(2

aeustacs -e y

out o> := yr

4W9
7/31/98 Page 1



HNF-3531 -REVO

filein := "two130-146.txt" Well 21-27-08
A:= READPRN(filein)

N:= last(yr)

yr := A4

N=33

net := A 7>

i:=0..N

bkg:= A<6>

k:=0..300

max := A <4 >

=0..299

1st Isotope is Co (5.27 yrs)

2nd Isotope is U (4.5 e6 yrs)

Teo := 5.27

T2 := 4500000

Co := aco-e **

gross := net This d

grossi
0

tot.

350

300

250

200

150

1001
78 80

- (yr - 75) (
X2.:= a2-e T2

ata edited for spurious points

82 84 86
yr

88

tot := Co + X2

90 92

Sgross,
- al-e Yir 75) . y- 75 -j ] 2

=" + a3-e- Yi- T

ssq(aco,a2)=0

aco
I :=Minerr(aco,a2)

a2J
aco = 99.729

1-1

a2 = 156.799

-(yr - 75) n(2

aco-e

out> := yr

X21 := a2-e

outI := tot

(y- 75) n3)
tot := Co

WRITEPRN("twop.txt") := out

acco-= 0.636
a2

+ X21

C- = 0.056
Ratio C/ X2~

410
Co-2nd-Decay.mcd

aco ;= 100

a2 150

I I I I II

00

- -

0*0

00

000

- 4 -

I I I I |I

ssq(al,a3):=

94

Given

Co.

7/17/98 Page 1



HNF-3531 -REVO

Borehole 21-27-09

Five Zones of Radioactive Contamination Established
70 to 91 feet (Cs-137 & Sb-125) is Stable

91 to 101 feet (Cs-137 & Sb-125) is Stable
101 to 107 feet (Cs-137 & Sb-125) is Stable

107 to 116 feet (Cs-137 & U-235/238) is Stable
116 to 124 feet (Cs-137 & Sb-125 & U-235/238) is Stable

Grade Thickness Product from 70 to 91 feet is decreasing at a rate consistent with a least
squares fit for Antimony-125 and Cesium-137 (both identified from HPGe detector)

between April 1979 and June 1993. The least squares fit results in a gross gamma
contribution ratio for Sb-125 to Cs-137 of 1.8 on June 1993.

Grade Thickness Product from 91 to 101 feet is decreasing at a rate consistent with a least
squares fit for Antimony-125 (hypothesis) and Cesium-137 (identified from HPGe
detector) between April 1979 and June 1993. The least squares fit results in a gross

gamma contribution ratio for Sb-125 to Cs-137 of 0.6 on June 1993.

Grade Thickness Product from 101 to 107 feet is decreasing at a rate consistent with a
least squares fit for Antimony-125 (hypothesis) and Cesium-137 (identified from HPGe

detector) between April 1979 and June 1993. The least squares fit results in a gross
gamma contribution ratio for Sb-125 to Cs-137 of 0.09 on June 1993.

Grade Thickness Product from 107 to 116 feet is decreasing at a rate consistent with a
least squares fit for Cesium-137 and Uranium-235/238 (both identified from HPGe
detector) between April 1979 and June 1993. The least squares fit results in a gross

gamma contribution ratio for U-235/238 to Cs-137 of 4.6 on June 1993.

Grade Thickness Product from 116 to 124 feet is decreasing at a rate consistent with a
least squares fit for Antimony-125 (hypothesis), Cesium-137 and Uranium-235/238 (both
identified from HPGe detector) between April 1979 and June 1993. The least squares fit

results in a gross gamma contribution ratio for U-235/238:Cs-137:Sb-125 of 171:143:5 on
June 1993.

Page 1 of2
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HNF-3531 -REVO

Borehole 21-27-09

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 150 ft

Survey Depth : 150 ft
First Survey Date: 4/03/1979
Last Survey Date: 6/17/1993
Number Surveys : 34

Analysis Notes
Number Surveys Rejected : 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background : Threshold (0< val < 50)

Depth(s) where Contamination Identified in 70-91 feet is Stable
Gross Gamma Surveys: 91-101 feet is Stable

101-107 feet is Stable
107-116 feet is Stable
116-124 feet is Stable

Analyst Name : R.K. Price
Analysis By : Three Rivers Scientific

page 2 of 2
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole & (2-/7-- 1)

Log Date: 7f-&'-03 1st

Total # Surveys 3,6
# neutron surveys _-
S- 04~-/7 Last

Contamination Zone Depth(s): (oV-/ 2- /
Isotope from Spectral Survey: CS. (') U

Probe Typet Y
# GR Surveys 3S7
Presentation Plot Dates

(If different from 14 & Last)

Max Survey Depth /-56

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

HI-ZONES.Txt
Survey Date eason Selected approx #Samp's Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq. Clean Avg. Bkg Comment
AIV S LX VtkS We 0:/ n+1 , P/o- +t- q CCW.

Analysis Notes
M 3 u tyr-cr -Y

-So a(/ & $ c r-c> wi/ S/F Au-ro /£ s r<. o-' / / e -/ z

/4c A-r C<s

(vs ~t4/,,~ 7O- 1i ' /O~~ 7-;q/4 - -
conc~~rx,~~Jt z -2rA4 p 1td 74,e4tc A -~

Analyst Name _<:_ _ _ S/W ver -74jc6Yss i2- 20

420
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HNF-3531 -REVO

imein:=/~Ab-070-091txt'

A:= READPRN(filein)

N := Iast(yr)

Well 21-27-09
yr:= A

N =33

2nd Isotope is Sb-125 (2.77 yrs)

net:= A

i:= 0.. N

bkg := A<6>

k := 0.. 300

Tcs:= 30.17 acs 300

T2:= 2.77 a2 20000

- yr - 75) LL

X2; := a2-e- T2 tot = Cs1 + X2

This data edited for spurious points

go 82

(yr. - 75). n)

84 86 88 90 92

-(yr - 7 ) -2
+ a3 -egross - fa-e

ssq(acs,a2)=0

acs
:= Minerr(acs,a2)

a2J

acs = 166.337 a2 =2.003-104

-(yr - 75 ) In(2)

Csi := acs-e to

out<0> := yr

- (yr -75) In(2)

X21 := a2-e 2

out< := tot WRITEPRN("twop.txt):= out

otcs -3=8.306-10
ax2

X2 /
-! -1.813

Cs-Sb-Decay.mcd 7/1,./98 Page 1
421

max:= A4>

j.:= 0.299

Cs := acs-e

gross := net I

8000

6000 1-

gross.
0

tot1
4000 I-

0

00

2000 r
0 _

78 94

Given

1=1

-75yr -- 75 E
=S

ssq(al,a3):=

toti := Csi + X2i



HNF-3531 -REVO

filein "Ab-091-101 .txt'

A:= READPRN(filein)

N :=Iast(yr)

Well 21-27-09
yr := AC!>

N =33

2nd Isotope is Sb-125 (2.77 yrs)

net:= A<7>

i:=0..N

bkg := A<6>

k:=0..300

max:= A< 4 >

j:=0.. 299

xcs := 30.17 acs =200

T2:= 2.77 a2 := 7000

- (yr - 75)1 3.2

Cs := acs-e w

grossi := neti This d

3000

2000

gross
0

tot.

1000 1--

-. (yri - 75) n
X21 := a2-e T2

ata edited for spurious points

tot := Cs + X2

82

ssq(acs,a2)=0

84

- (yr - 75) L ) - (yr -75) In(2)
Ts + a3-e I 2

1-1

[acs
:= Minerr( acs ,a2)

a2 I
acs = 189.428 a2 =7.295-103

-(yr - 75)..
tes

acs-e

out 0 := yr

-yr -75)±L
X21 := (x2-e 1 2

out< := tot

tot:= Cs 1 + X21

WRITEPRN("twop.txt"):= out

acs
- = 0.026

a2

f*2N I
L -20.58

CsN

Cs-Sb-Decay.mcd Page 17/15/98

422

0

0

00

0'-
78 80 86

yr

ssq(al,a3):=a

88 90

grossi - [al-e

92

II 2

94

Given

Cs; :=

-



HNF- 3531

filein:=

A:= READPRN(filein)

N := last(yr)

Well 21-27-09
yr:= A

N =33

2nd Isotope is Sb-125 (2.77 yrs)

net := A

i:= 0.. N

bkg := A<6>

k := 0.. 300

s:= 30.17 acs := 100

T2:= 2.77 a2 := 500

- (yrI - 75 n(2)

a2-e tot := Cs t- X2

This data edited for spurious points

80 82 84

75)
.rcsE [grossi - al -ei

86
yr.

1 -j0a 1(yr- 75) 2)]

ssq(acs,a2)-0

{CS
:= Minerr(acs,a2)

a2I

acs = 93.113

-(yr 1 - 75) 2

X2; := a2-e T
-yr - 75). 221

acs-e

out< > yr out := tot

Cs-Sb-Decay.mcd

1-1

a2 = 552.88

acs
- = 0.168
a2

2- = 0.089

Page 1

WRITEPRN("twop.txt") := out

7/15/98

423

-REVO

Cs. :=
yr - 75)

acs -e 4

max:= A 4

j =0.. 299

X2. :=

grossi := net

350 r

gross.
0

tot.

300 -

250 -

200 -

150

100

0

0

00

0

0 0

0

50 '
78

ssq(al,a3) :=

88 90 92

] 2

94

Given

Cs1 toti := Cs +- X2i



filein:= "Ab-107-116.txt"

A:= READPRN(filein)

N:= last(yr)

HNF-3531 -REVO

/WeI 21 -27-09'
yr:= A

N =33

net:= A<7

=0.. N

cs := 30.17

2nd Isotope is U (4.5 E9 yrs)

bkg:= A

k:=0..300

acs:= 100

- (yr - 75) 22)
Cs := acs-e WS

- (Yr -75) I(2)
X2 := a2-e tot := Cs + X2

This data edited for spurious points

82 84 86
yr

grossi - [al-e

(yri--75) %n 2

S +a3-e

ssq(acs,a2)-0

Sacs Minerr(acs,a2)
x2I

acs = 100.651

1.1

a2 =301.399

X2 := a2-e

out> := tot

tot, := Cs. + X21

WRITEPRN("twop.txt):= out

acs
=0.334

Q X2N
-4.576

C4-5 CsN

Cs-Sb-Decay.mcd

max:=

j :=0..299

r2 := 4.551 9 a2 := 300

gross := neti

500

400

300
gross

tot 0
200

- -

0

0 00 00

0

100 -

0
78 80

ssq(al,a3):=

88 90 92 94

Given

Csj
yr 75)-

:=acs-e ss

out := yr

7/31/98
424

Page 1

(yr -75 ). n 2

-yr. - 75) ln2



filein := "Ab-116-124.txt"

A := READPRN(filein)

N:= last(yr)

HNF-3531 -REVO

Well 21 -27-09 (
yr:= A

N=33

net := A

i:=0..N

bkg:= A<6>

k:=0..300

max := A<4 >

=0..299

2nd Isotope is Sb-125 (2.77 yrs)

-(r- 75). l(2
=as-acse - X2.

Tcs:= 30.17

T2 := 2.77

:= a2-

acs = 217

a2 ;= 530

-(yr--75) n(Sa

B := 170 B is Uranium

tot := Cs; + X2 + B

This data edited for spurious points

82 84 86
yr

ssq(ala3,a5) :=Zgrossi
- (Yr - 75)I.)-- [al-e

yr -. 75 ln(2)

+ a3-e

Given

ssq(acs,a2,B)=0

a2 := Minerr(acsa2,B)

bk J

1=1 B-B

acs =218.629

- (yri - 75) ln

Csi := acs-e ws

out<> := yr

- (Yrj
X2. := a2-e

out > :=tot

tot := Csi i- X21+ B

WRITEPRN("twop.txt"):= out

acs
_ =0.407

a2

X2N
- = 0.037

X2N = 5.293

CSN = 143.053

Isotopes-3.mcd

Cs

grossi := net

600 I

400 F-

gross
0

tot.

200 F-

- --

0 0

0
78 80 88 90 92 94

+ a5]]

a2 = 537.142 bk =171.423

7/31/98

425
Page 1

i i



HNF-3531 -REVO

filein :f-i02ist) Well
A:= READPRN(filein) yr:= A <1 >

N:= last(yr) N =33

2nd Isotope is Sb-125 (2.77 yrs)

21-27-09
net := A< 7 >

i:=0..N

bkg:= A<6>

k:=0..300

Tos:= 30.17 acs := 1300

T2:= 2.77 a2:= 22000

- (yr, - 75)1112 )

Cs.:= acs-e

grossi := net I

1.104

£rossi
0

tot.

8000 -

60 -

4000 -

2000 -

0'-
78

X2;:=
-(yr. - 75) In(2

a2.e 

This data edited for spurious points

80 82 84

ssq(a1,a3):= grossi - [al-e

ssq(acs,a2)=0

75) n. - (yr.
= +a3-e

1-1

acs
:= Minerr( acs ,a2)

a2I
acs=1.29-10 3 a2 =2.196-104

- (yr1 - 75) !"L2

Csi := acs-e =S

out 0 := yr

- (yrI - 75) (
X2- := a2-e

out <1 := tot

tot := Cs. + X2

WRITEPRN("twop.txt"):= out

acs- = 0.059
a2

J2- = 0.256
CSEN

Cs-Sb-Decay.mcd

max:= A 4

j:=0..299

86
yr

88 90 92

75 ft 2 )]]

T2 J

94

Given

7/15/98
426

Page 1

toti := Cs + X2i
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Borehole 21-27-10

Contamination (Cs-137&Sb-125) from 70 to 102 ft is Stable
Contamination (Cs-137&U-235/238) from 118 to 135 ft is Stable

Grade Thickness Product fir the radioactive zone (70-102 fret) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a
least squares fit of Cesium-137 and Antimony-125 (both identified from HPGe detector)

between April 1979 and June 1993. The least squares fit results in a gross gamma
contribution ratio fir Sb-125 to Cs-137 of0.55 on June 1993.

Grade Thickness Product for the radioactive zone (118-135 feet) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a

least squares fit of Cesium-137 and Uranium-235/238 (both identified from HPGe
detector) between April 1979 and June 1993. The least squares fit results in a gross

gamma contribution ratio for U-235/238 to Cs-137 of 0.35 on June 1993.

Gross Gamma Survey Information
Probe Type : 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth: 150 ft

Survey Depth: 150 ft
First Survey Date: 4/03/1979
Last Survey Date: 6/18/1993
Number Surveys: 35

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values: <= 0
Method Used to Compute Background: Threshold (0< val < 50)

Depth(s) where Contamination Identified in 70-102 ft is Stable
Gross Gamma Surveys: 118-135 ft is Stable

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific

427
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HNF-3531 -REVO

Dry Well Survey Analysis - Notes

Borehole (--7-/

Log Date: 7f-- Y'-03 I1

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys 3 7
# neutron surveys 2.-
f3 -04 -/8 Last

s/ee-r 4 vIL Zg otot-
Cs, 6.&, L. S,

Probe Type t5 t
# GR Surveys .3 S
Presentation Plot Dates

(If Ait - 5 frm In & Lat)

Max Survey Depth /-t

GAPS.Txt
Survey Date num. Gaps approx #Sampl's Comment

HI-ZONES.Txt
Survey Date Reason Selected approx #Samp's Comment

BackGnd.Txt
Survey Date Reason Selected num. Samples Feg. Clean Avg. Bkg Comment
YO-O/-08 1CL*,,_ j 2o.m

Analysis Notes
Alf,)o~~-Y Xr-rt

SW4,; -z-t 7/7 -r -I) r

Analyst Name A (CD S/W ver '5-3 Vz

431
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filein:= 'twol8-135.txt" Well 21-27-10
A:= READPRN(filein)

N := last(yr)

yr:= A< >

N = 32

net:= A >

i:= 0.. N

bkg := A<6>

k := 0.. 300

esa:= 30.17 acs:= 180

2nd Isotope is U-235/238 (4.5e9 yrs)r2:= 4.5-109 a2 :=40

-s yr - 75)111(2
Csi := acs-e- (y" - M X2 -- 75)

X2 := a2-e- (y - x tot := Cs1 + X2

gross= neti

250

200 V

150 h

100'-
78

This data edited for spurious points

80 82

- 75).3 -(yr.
WS + a3-e- (ssq(al,a3):= grossi- al-e

Given

ssq(acs,a2)=0 1=1

acs
a2:= Minerr(acs,a2)

acs = 181.528

-(yri - 75). n(2

acs-e

out<0> := yr

(yr1- 75)2fL
X2; := a2.e

out<> := tot

tot := Cs + X21

WRITEPRN("twop.txt"):= out

acs
a2(t/ X2N 34V 2N- 0.347
CSN

Cs-2nd-Decay.mcd Page 18/1/98

432

max:= A

j := 0.. 299

gross
0

tot.

0
0 ~0

00

00

84 86
yr.

88 90 92 94

- 75) 2fL
T2II

Cs.

2
a2 = 41.26



filein:= "two70-I02.txt"

A:= READPRN(filein)

N:= last(yr)

HNF-3531 -REVO

/ ei 121 -27 -10
yr := A<l >

N=33

2nd Isotope is Sb-125 (2.77 yrs)

Cs :=

net:= A >

i:= 0..N

Tcs := 30.17

2 := 2.77

-yr-7 n(2)
X2 = a2-e

- (yr - 75) ac
acs-e *

bkg:= A<6>

k:=0..300

max:= A <4 >

j=0..299

acs := 122

a2:= 4470

toti := Cs + X2

This data edited for spurious points

80 82

gross, - ai.-e

84

75) L - (yr -= + a3-e

ssq(acs,a2)=0 1-1

acs
= Minerr(acs, a2)

a2J

a2 = 4.47-103

- (yr - 75). n(2)
: ss

out > := yr

- (yr - 75)
X2i := a2-0 2

out<l > := tot

tot := Cs + X21

WRITEPRN("twop.txt"):= out

= 0.027
a2

X2 N
S t = 0.552
CSN7

Cs-2nd-Decay.mcd

gross, := neti

2000 r-

1500

9

0

- 0-

00

0

0 000

00

gross'
0

tot.i 1000

500 1

78
0

ssq(al,a3):=

86
Vt'

88 90 92 94

75)111(2

Given

Cs1

acs = 122

8/1/98

433
Page 1



HNF-3531 -REVO

Borehole 21-27-11

Contamination (Co-60 & Sb-125 & U-235/238) from 66 to 110
feet is Stable

Stability of Contamination (Co-60 & U-235/238) from 110 to 138
feet is Undetermined

Grade Thickness Product for the radioactive zone (66-110 feet) is decreasing within the
gross gamma sensitivity to each isotope and relative intensity at a rate consistent with a
least squares fit of Cobalt-60, Antimony-125, and Uranium-235/238 (all three identified

from HPGe detector) between April 1979 and June 1993. The least squares fit results in a
gross gamma contribution ratio for Co-60:Sb-125:U-235/238 of 144:818:890 on

June 1993.

Grade Thickness Product of the radioactive zone (110-138 feet) can not be established. A
least squares fit for the HPGe detected radionuclides (Cobalt-60 and Uranium-235/238) is

presented. The least squares fit results in a gross gamma contribution ratio for Co-60 to
U-235/238 of 0.2 on June 1993.

Gross Gamma Survey Information
Probe Type: 04: Sodium Iodide Scintillator

Other Probe Types: 03: Neutron (2 surveys)
Borehole Depth : 138 ft

Survey Depth: 138 ft
First Survey Date: 4/30/1979
Last Survey Date: 6/17/1993
Number Surveys: 36

Analysis Notes
Number Surveys Rejected: 0

Lower Threshold for Bad Survey Values : <=0
Method Used to Compute Background: 40 to 60 feet

Depth(s) where Contamination Identified in 66-110 feet is Stable
Gross Gamma Surveys: 110-138 feet Undetermined

Analyst Name: R.K. Price
Analysis By: Three Rivers Scientific
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filein := "twollO-138.txt' Well 21-27-11
A;= READPRN(filein)

N:= last(yr)

2nd Isotope is U (4.5 E6 yrs) T2:= 4500000 a2 := 530

-yr. - 75 In(2)

X2 := a2-e (

This data edited for spurious points

82

grossi - [al-ei
(yrj.- 75 In(2)

)o -(y -87 5j
+ a3.e 21

ssq(aco,a2)n0 1-1

:=Minerr(aco,a2)

aco = 1.21-103
U
a2 = 533.806

- yr n 75)

Coj:= aco-e "

out<> :=yr

X2 := a2-e

out I := tot

tot := Co, + X2+

WRTEPRN("twop.txt"):= out

=2.267
a2

CON
- =0.2- -) X2 '

Co-2nd-Decay.mcd

HNF-3531 -REVO

yr:= A<l >

N =30

net := A >

i:= 0.. N

bkg:= A<6>

k := 0.. 300

Tco:= 5.27

Co := aco-e

aco := 1200

max := A

j:=0.. 299

(Yr - 75).J !

gross, := net,

1600 r-

gross.

tot.

1400 -

1200 -

800 -

600-

400 -
78

00

00

*00

00

00

s0

80 86
yr

ssq(al,a3):=

88 90 92 94

Given

aco

a2

It-/

//g
433

Page 1

tot := Coi + X2i



HNF- 3531
filein:= "two66-110 .txt"

A:= READPRN(filein)

N := last(yr)

Well 21-27-11
yr:= A <>

N =34

1st Isotope is Co-60 (5.27 yrs)

2nd Isotope is Sb-125 (2.77 yrs)

Cs := acs-e

gross := nett

4-104

3-10 4

0 2-10
tot

(yr; - 75) 2

net:= A< 7

i:= 0.. N

cs := 5.27

T2:= 2.77

bkg := A<6>

k := 0.. 300

acs 1660

a2 83000

X2 := a2-e

ma A 4

j := 0.. 299

B := 888 B is Uranium

toti := Csi + X2 + B

This data edited for spurious points

1.104 

7-

78

ssq(al,a3,a5)

80

a=[grossi - a I-e

82 84

(yr1 -75) In2
Tos

86
yr

88

yr. - 75) I aS

+-a3-e I +ad

ssq(acs,a2,B)-0

a2 := Minerr(acs , a2, B)

bk J

1*1 2=2

C= 3csC = 1.631-10 a2 =8.301-10 4

- (yr. - 75) ln(2)

a =s-e y

wtut'" := yr

- (yr - 75j3)
X2; := a2-e T tot := Cs + X2 + B

out := tot WRITEPRN("twop.txt"):= out

acs
-= 0.02
a2

X2N
N = 5.686 2N = 817.994

SN CSN = 143.856
Ce

Isotopes-3.mcd /1/98
439

-REVO

0

0o

90 92

I 2

94

Given

Cs1

bk = 890.279

Page 1
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Dry Well Survey Analysis - Notes

Borehole &Y tc -/- 2'7- ;1 )

Log Date:
77-4'-3o 1st

Contamination Zone Depth(s):
Isotope from Spectral Survey:.

Total # Surveys
#neutron surveys
1-0-/7 Last

Cc /ca 5), o

f(
t-

Probe Type .4r
# GR Surveys 36
Presentation Plot Dates

(If different from I' & Last)

Max Survey Depth /Jg

C7--
'70 t7-r
GAPS.Txt

Survey Date num. Gaps num. Samples Comment

eP- 0 iK / /'r 5
lit-04-/t /2-g /'-o

HI-ZONES.Txt
Survey Date Reason Selected um. Samples Comment
14 a5-1 . B .?1T/ /- (/rf$O pza1--1 p n /tr --m 

BackGnd.Txt
Survey Date Reason Selected num. Samples Feq.Clean Avg.Bkg Comment

1&#e/ - A4 e6/6CC / 37 e 72 V t%

Analysis Notes
/-4 r& / Wn -- O's 34 OP- Cv-lnflvr &tirCaf

A,& S r$-it rs /

Analyst Name S/W ver 71<2f-od t,2.z

440
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